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We come now to the geological part. This is the one where 
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nothing hurries geology. 
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CHAPTER I 
INTRODUCTION 
The limestones and dolomites of the Arbuckle group 
have produced (and continue to produce) oil and gas from a 
wide variety of settings throughout the stat~ of Oklahoma 
(see Akin, 1964, and Adler and 'others, 1971). Production 
is commonly structurally controlled, but it can be 
demonstrated that in many instances porosity is due to 
diagenetic modification of Arbuckle carbonates by (1} 
erosion subjacent to an unconformity surface, (2} 
fracturing and brecciation,related to cavern collapse 
andjor tectonism, and (3) hydrothermal alteration. Recent 
significant oil and gas production from allegedly 
paleokarstic Arbuckle reservoirs (Shirley, 1988} in the 
Anadarko basin suggests that the possibilities for Arbuckle 
oil have not< all been played out; the fact that these 
discoveries have been made in a mature petroleum province 
highlights the need for more detailed investigations into 
the nature of Arbuckle paleokarst. 
Purpose of Study 
The primary objective of this study is to provide an 
inventory of paleokarstic features present in Arbuckle 
1 
2 
rocks from the subsurface of Oklahoma. The petrology and 
possible genesis of paleokarst features are described and, 
where possible, comp~red to outcrop~ing_analogs of recently 
karstified and paleokarstified.Arbuckle rocks in Oklahoma 
' . ' 
and adjacent states. Multi-stage diagenetic 'mo.dification 
of these rocks is evidence~ by'a s~ite of dolom'ite textures 
' that represents_'shallow, eogenetic and deeper, mesogenetic 
diagenesis. The texture, mode of, occurrence, and 
paragenesis of these dolomite types are described in this 
report. ~n attempt is made to det~rmine the timing·and 
genesis of the paleoka·rst facies expressed in the 
admittedly site-specifi,c core d'ata used in this. study. 
A short note on the f-orma.t of this report is_ perhaps 
warranted at this point. · As is ·stated above, this study 
will focus primarily on the descri~tion and interpretation 
of numerous features fn rock~'fro~ a wide variety of 
settings within the state of O~lahqma. Rather than begin 
-by discussing each core separately within its own environs, ··· 
I have chosen in~tead to first characterize the physical 
expressions of pcHeokarst and. diagenesis that one can. 
expect to encounter in Arbuckle rocks by illustrating these 
features with examples from all the cores, regardless o~ 
their respective l~cations o~ .origins. Data will be· 
' -
presented and described first in Chapter 3, which deals' 
with the occurrence of inferred paleokarstic fe~tures in 
core, and then·interpreted and modeled in Chapter 4. The 
' 
effects of eogen~tic and epigenetic (burial) diagenesis:on 
3 
these Arbuckle rocks are described in Chapter 5. Patience 
is requested of the reader; the data will be presented with 
as much clarity as possible, and will be mode~ed 
subsequently,· with (I, hope) ·a minimum ,of repetition. 
' ' 
Photographs and complete petrologic descriptions of the 
cores are presented in Appendi_x A, ~t the end of this 
report. Petrologs for each core are located in the pocket 
inside the back cover of this volume. 
'' Prev'ious Investigations 
Fracturing and vugular porosity have long been 
recognized as being important to the productivity of 
Arbuckle reservoirs (Bartram, Impt and Shea, 1950; Walters, 
1958; Gatewood, 1979a) • - However, the study of these 
features in the context of karst facies is still in· its 
infancy. 
Much has been written about the stratigraphy and 
sedimentology of_the Arbuckle Group in Oklahoma (Decker and 
Merritt, 1928; Burgess, 1968; Chenoweth, 1968; Latham,, 
' ' , 
1970; Reeder, 1974; St. John and Eby, ··1·978;' Gatewood, , 
1979b, Hagland, 1983) and in adjacent states (McClel-lan, 
1930; Ireland, 1955; McCracken, 1955; Walters, 1958). 
Solution-induced sinkholes·and sand-filled pal~okarst 
caves in the outcropping Cotter Dolomite in northeastern 
Oklahoma have been described by Gore (1951). Similar 
features have beem identified in the subsurface of Kansas 
by Merriam and Atk~nson (1956) and Walters (1958). 
4 
Paleokarstic collapse features and syntectonic sedimentary 
breccias in the Kindblade Formation of the Arbuckle 
Mountain area have been described by Tapp (1978). Ragland 
and Donovan (1985) identified small, intraformational 
collapse breccias in the Cool Creek Formation, near Turner 
Falls, in the Arbuckle Mountains. Similar collapse breccia 
features in the Arbuckle-equivalent Ellenburger Group 
carbonates in Texas have been described by Ijirigho and 
Schreiber (1986) and Kerans (1988). 
Caves created by post-Permian to recent karstification 
of Arbuckle rocks in southern Oklahoma have been documented, 
by Decker and Merritt, (1928) and Curtis (1959). Donovan 
(1987) described karst speleothems that were coeval with 
oil migration within a small Permian paleokarstic reservoir 
on Bally Mountain, in southwest Oklahoma. 
The role that intra-Arbuckle disconformities play in 
the establishment of regional porosity and permeability has 
been alluded to by Ireland (1955) and Reeder (1974). 
Disconformities within and between the various formations 
of the Arbuckle Group have been recognizedo by Ireland 
(1955), Chenoweth (1968), Derby (1969), and Reeder (1974), 
although discussion of the possibility of karst developing 
at any of these haituses has been lacking to date. The 
effects of inter-regional unconformities on the 
distribution of Arbuckle rock in the subsurface have been 
recognized by Aurin, Clark and Trager (1921), White (1926), 
McClellan (1930), Ireland (1955), Tarr (1955), Walters 
5 
. (1958), McDaniel (1959), Jones (1960), Jordan, (1962), 
Tarr, Jordan and Rowland, (1965), Ham and Wilson (1967), 
Chenoweth (1968), Latham (1970), Reeder (1974), and 
Gatewood (1978). The work of these authors provided the 
data for the paleogeologic reconstructions in Chapter 4 of 
this study. 
In as much as the stratigraphy and sedimentology of 
the Arbuckle Group, the physico-.chemical processes of 
karstification, and the structural evolution of the 
Oklahoma study area have been described to an appreciable 
degree elsewhere, no attempt will be made to further those 
investigations in this project. 
Very little published information is available that 
describes in detail the petrology, genesis, and diagenesis 
of Arbuckle paleokarst in Oklahoma.. The primary goal. of 
this report will have been ach.ieved if any addition to our 
understanding of this phenomenon can be attributable to 
this work. 
Methods and Procedures 
Forty two cores of Arbuckle Group rock housed at the 
Oklahoma Geological Survey Core Library in Norman, Oklahoma 
were examined in a cursory manner to deterlJl'ine if the rock 
had in any way been affected by the physical or chemical 
processes that evidence karstification. Cores that 
exhibited unusual and possibly karstic features were 
procured for more detailed analysis. Those that did not 
6 
were briefly described and cataloged for future reference. 
On the basis of this initial macroscopic examination, seven 
cores from Oklahoma were selected for intensive study. 
Additionally,·one other core was studied; it is the 
property of Oklahoma State University. Figure 1 shows the 
location of each core·relative to the tectonic provinces of 
Oklahoma. Specific-location and core-interval data are 
presented in Table I. 
Each core was slabbed and described and data were 
recorded on a petrolog form that was designed specifically 
for description of both depositional and diagenetic 
(karstic) features. Thin sections were prepared for 
petrofabric analysis utilizing both polarizing and 
cathodoluminescence microscopes. Many thin sections were 
stained with a solution of alizar~ne red-S and potassium 
ferricyanide to distinguish ferroan and non-ferroan 
varieties of dolomite and calcite (see Adams, MacKenzie and 
Guilford {1984) for procedure).· Rock samples were selected 
for X-ray diffraction.analysis to determine further the 
bulk mineralogy o~ the rock. The crystallinity and 
chemistry of individual dolomite types were investigated 
using a scanning electron microscope coupled with energy 
dispersive X-ray analyzer {SEM/EDXA), and by analysis of 
stable carbon and oxygen isotopes. Insoluble residues 
(both organic and inorganic) from selected samples were 
obtained by dissolving the host rock in a dilute solution 
of formic acid. 
I 
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Figure 1. Location of cores used in this study relative 
to the tectonic provinces of Oklahoma (after 
Arbenz,, 1956; Al-Shaieb and Shelton, 1977). 
TABLE I 
CORE LOCATION AND INTERVAL INFORMATION 
Cored Depth Strata 
County/ Interval Cored Below Overlying 
Core Location Field (ft. Depth) Formation T/Arb. (ft) Arbuckle 
--
Oliphant 15-T24N-R7E Osage -2860 I -2871 Cotter O-at top Burgen 
1-A Nate SW SW SE Nav~al Res. (Simpson) 
Oliphant 8-T25N-R6E Osage -3334 I -3361 Cotter O-at top Burgen 
!-Lafortune SE NW NE Burbank (Simpson) 
Getty J-Ti7N-R7E Cree'k -24,66 I -2517 ? O-at top Bartles-
6-Cobb SE SE Cushing ville 
Cameron 20-T3S-R4W Jef~ferson -6278 I -6296 ? 3640 Deese 
1-Shepherd SE NW NE Dixie Area. (poor recovery) 
Shell 3-T4S-R3W Carter -3584 I -3633 KB* 1050 Joins 
1A-3 Wesley Unit NW SW SE Healdton (Simpson) 
E.L. Cox 3-T4S-R3W Carter -3806 I -3983 KBt* 870 Joins 
1-Wesley Unit A NE SW SW Healdton (Simpson) 
Texaco l-T5S-R1W Carter -6300 I -6310 wsc* 420 Atoka 
1-Mobil NE SE Wildcat -6519 I -653~4 640 
Pan American 36-T2S-Rl0W Cotton -7475 I -7500 KBt 1775 Joins 
1-State "C" N/2 NW NE Wildcat (Simpson) 
tcorrelation based on conodont biostratigraphy. 
*correlation based on well log signature. 
OJ 
CHAPTER II 
. GENERAL. GEOLOGY 
Arbuckle Group stratigraphy 
Figure 2 depicts the, strat'igraphic nomenclature of the 
Arbuckle Group iri southern and north~astern Oklahoma. The 
time-stratigraphic nomenclature adopted for this report is 
that of Ross et al. (1982); the reader is directed to that 
work for a discus'~ ion of this terminology. In southern and 
central Oklahoma the Arbuckle ~roup comprises eight 
formations; the lower four formations are of Late Cambrian 
(Croixian) ~ge, and include in ascending order the Fort 
Sill Limestone, Royer Dolomite, Signal Mountain Limestone, 
and Butterly Dolomite. The upper four formations are Early 
Ordovician (Ibexian) in age and include the·McKenzie Hill 
Formation, Cool.creek Formation, Kindbla,de P,ormat.i,on,· and 
West Spring Cr~ek'Formation. The Middle Ordovician Joins 
Formation of the Simpson Group overlies the West Spring 
Creek Formation with appar~nt conformity throughout much of 
southern Oklahoma (Reed, 1957; , berby, .1969; Latham, 1970) . 
With the notable exceptions of the Royer and Butterly 
Dolomites, the carbonates of the Arbuckle Group in southern 
Oklahoma are predominantly limestone (Ham, 1969)~ 
In northeastern Oklahoma and Kansas the stratigraphic 
9 
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Figure 2. Stratigraphic nomenclature 
of the Arbuckle Group in 
Oklahoma (modified after 
Chenoweth, 1968; Ross, 
et al., 1982). 
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11 
equivalents to the Arbuckle formations mentioned above are, 
in ascending order, the Eminence Dolomite of Late Cambrian 
age, and the Gasconade Formation, Roubidoux Formation, 
Jefferson City Dolomite, cotter Doiomite and Powell 
Formation of Early Ordovician age. stratigraphic division 
of the Arbuckle Group in northern Oklahoma is based more on 
insoluble-residue zonation (Ireland, 1944; McCracken, 1955) 
than on paleontological data; the formati~n boundaries and 
inter-regional correlations depicted in Figure 2 are 
therefore dashed to show a degree of uncertainty. Arbuckle 
carbonates on the northern Oklahoma platform are 
predominantly dolomite, although they are lithologically 
similar to the rocks of the southern basins (Ham, 1969). 
(It is worth noti~g that all,of the cores examined in this 
study are extensively dolomitized.) 
Locally, as in the area of the "Tulsa Mountains" in 
Osage and Tulsa counties and in many locations along the 
Nemaha Ridge, Arbuckle strata onlap protruding knobs of 
Precambrian basement (Ireland, 1955; Walters, 1958; Reeder, 
1974); Except where removed by Late Devonian erosion, the 
Burgen Sandstone and Tyner Formation of the Simpson Group 
unconformably overlie truncated Arbuckle carbonates 
throughout northeastern Oklahoma. (Reeder, 197 4) . 
Arbuckle Depositional Facies 
Arbuckle rocks are characterized by numerous, 
recurrent peritidal carbonate sequences. Subtidal 
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mudstones and wackestones, intertidal bioclastic packstones 
and grainstones, and restricted, upper intertidal algal 
boundstones are commonly observable facies (see Figures 3, 
4 and 5). Algal stromatolites and thrombolites occur in 
the Cool Creek Formation (see Ragland, 1983), and also in 
the Kindblade and West Spring Creek Formations more 
infrequently .. Typically, supratidal facies are not well 
developed; some are. represented by algal laminites and 
unfossiliferous laminated dolomudstones. In many instances 
"typical" shallowing-upward cycles culminate with 
intraformational conglomerate which probably represents a 
period of subaerial exposure, desiccation, erosion and 
. . 
redeposition. If'so, such erosive events may have been 
correlative to hardground formation and karstification 
elsewhere in the Arbuckle paleoenvironment (Donovan, 
et al., 1983). 
Few shallowing-upward sequences are delimited above by 
evaporite-dominated supratidal fqcies. Evaporites are 
recorded far m~re frequently in the literature (Reed, 1957; 
Latham, 1970; Gatewood, 1978; St. John and Eby, 1978; 
Beales and Hardy, 1980; Ragland and Donovan, 1985) than in 
either the outcrop or subsurface. Webb (1976) suggested 
that evaporites are entirely lacking in the Paleozoic 
section of Oklahoma. Rare, nodular (perhaps sedimentary) 
and remobilized fracture-filling (definitely diagenetic) 
anhydrite cements were noted in a few Arbuckle cores from 
southwestern Oklahoma. Interestingly, those cores do not 
Figure 3. Arbuckle depositional facies. (a) Subtidal mudstone (from 
the Cox 1-Wesley core) . 
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Figure 4. Arbuckle depositional facies. 
Intertidal packstone made 
up of algal debris. 
Oliphant 1-Lafortune core. 
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OLIPHANT 
I-LAFORTUNE 
8 -25N-6E SE NW NE 
Osage County 
Figure 5. Arbuckle depositional facies. 
Restricted-intertidal to 
lower supratidal algal 
boundstone. Note low-
rel ief s tromatol i tic 
s t r uctu re . Ol iph a nt 
1-Laf ortune core. 
15 
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show overt signs of karstification (and as such were not 
selected for intensive study), nor do they exhibit the 
coarse dolomite textures found~ in the principle cores of 
this study. Evidence of evaporites in the principle cores 
of this study is scant and equivocal, such as 
submillimeter-size anhydrite inclusions in chert nodules, 
and a few silicified halite hopper crystals, recovered in 
insoluble residues from the Cox-Wesley core. 
!!!! 
CHAPTER III 
, PALEOKARST FEATURES OBSERVED IN CORE 
The following is a discussion of some of~ .the features 
' . 
that were observed in the Arbuckle cores studied in this 
investigation; the features are inferred to be paleo-
karstic. For brevity, cores commonly are referred to 
without mention of location and stratigraphic interVal, 
unless it is of significance to the discussion at hand. 
The reader is referred to Figure 1 and Table I for detailed 
information about each core (see also the descriptions in 
Appendix A) • 
Identification of~paleokarstic features in cores is 
not an uncomplicated business; hypotheses that seem 
credible on the basis· of a 4-inch-wide piece of rock may 
prove entirely wrong, could the lateral extent of such 
features be known. The interpretation of paleokarstic 
feature~ in cores therefore relies heavily upon inference 
and imagination, based on an exiguou.s amount of "ground 
truth." 
The recurrence of ·certain structures and features in 
karst is well documented, and provides a much needed frame 
of reference for the interpretation of like features in 
core. Certain breccia types, dissolution features, and 
17 
cements are considered indicative (if not diagnostic) of 
karst facies; discussion of a variety of such features 
observed in these Arbuckle cores follows. 
Conglomerates and Breccias 
18 
Each of the cores studied included some type of 
conglomerate or breccia. Such deposits typically differed 
in clast composition, size and angularity, packing and 
sorting, and the amount and type of interparticle sediment 
and/or cement. Where possible, the genesis of each 
conglomerate or breccia-type was inferred from the fabric 
of the rock and its relation to surrounding structures. In 
this report the generic terms "conglomerate" and "breccia" 
are modified by the addition of a qualifying word or phrase 
to imply a mode of formation or genesis for the rock (e.g., 
"collapse breccia," and "intraformational conglomerate"). 
The texture or fabric of each breccia was described using 
the structural schemes (see Figure 6) of Norton (1917) and 
Ijirigho and Schreiber (1986). Blount and Moore (1969) 
outlined certain criteria for differentiating between 
genetic breccia types. 
Crackle Breccia 
The term "crackle breccia" was introduced by Norton 
(1917) to describe incipient brecciation in extensively 
fractured rocks in which fragments have not been dislodged, 
rotated, or otherwise moved to any appreciable degree. 
TYPES OF BRECCIA 
CRACKLE BRECCIA 
'POROSITY cr5% 
MICRODIL BRECCIA 
< 
' 
' 'POROsiTY. 5-10% 
MOSAIC BRECCIA 
'POROSITY: 1G-30% 
RANDOM BRECCIA 
'POROSITY 25-50% 
PHENO BRECCIA 
'POROSITY: >50% 
'POROSITY AT TIME OF BRECCIATION 
Figure 6. Schematic representation 
of breccia fabrics 
(from Ijirigho and 
Schreiber, 1986). 
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This is a structure-descriptive term that bears no genetic 
connotations. Ijirigho and Schreiber (1986) superfluously 
modified this term to describe crackle breccias with open 
or slightly dilated fractures,· which they termed "microdil" 
breccias. .Kerans (1988) noted that this type of breccia, 
which he termed "fracture breccia," is commonly present in 
the "cave roof facies" of karstified Ellenburger carbonates 
in West Texas. 
Crackle breccias were o~served in the Oliphant-Nate 
and Oliphant-Lafortune cores from Osage County, and.the 
Cox-Wesley and the Texaco-Mobil cores from Carter County. 
In most cases, this. type of br~ccia is indistinguishable 
from--and indeed, may be nothing more than--intensely, and 
perhaps tectonically, fractured rock. It is only through 
its spatial relations to other karst features that this 
type of breccia has any us~ ~n karst facies diagnosis. 
Crackle breccias may occ~r in subterranean karst 
facies or in surface exposures~ The Texaco-Mobil core 
contains crackle-brecciated host rock immediately adjacent 
to karst collapse breccia (Figure 7). This crackle breccia 
probably formed in response to the stresses active during 
cavern collapse. Figure 8 shows cra~kle-brecciated rock 
subjacent to an intra-Arbuckle disconformity in the 
. . ' 
Oliphant-Lafortune ·core. Such brecciation may be due to a 
combination of desiccation and expansion during erosion at 
the exposure surface. 
The inter-clastine fracture porosity that is present 
Figure 7. Core photo of crackle-
brecciated host rock 
overlain by collapse 
breccia. Texaco 
1-Mobil core. 
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Figure 8. crackle breccia below an 
intra-Arbuckle discon-
formity. Note amount 
of relief on the paleo-
exposure surface. 
Oliphant 1-Lafortune 
core, -3352 ft. 
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Figure 9. Open fracture porosity in crackle brecciated 
host rock. (Thin section photomicrograph, 
plane-polarized light (PPL), Cox 1-Wesley 
core, -3911 ft.). 
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in crackle breccias may be open (as in Figure 9), or 
occluded by cement or sediment (see Figure 8). 
Collapse Breccia 
"Collapse breccia" is a term used to implya genetic 
origin for breccia texture(s) _that ~esult from structural 
collapse of lithified rock, pr~sumably into a previously 
c -, J 
open mega-pore or cavern network. The structu-ral integrity 
of the host rock may be compr,em_i,sed by dissolution of 
matrix carbonates andjor interbedded soluble·evaporites. 
Foundering may be induced by gravity, if the host rock is 
sufficiently erod-ed internally, or by the application of 
overburden subsequent to burial. 
Collapse breccias are characterized by marked 
heterogeneity and angularity of clasts (which may be 
derived from numerous and lithologically dissimilar 
overlying stratigraphi~ ftnits),. poor sorting, with 
' ' . 
interstitial cement or matrix in a dominantly clast-
supported fabric (Blount an~ Moore, 196~). ColLapse 
breccias may exhibit mosaic, random or rubbie textures. 
Many of the breccias noted in this study exhibited 
fabrics suggestive .of formation by solution and collapse. 
A few of the characteristic breccia fabrics are described 
below. 
The Pan American-State core from Cotton County (Figure 
10) may be entirely comprised of collapse breccia. The 
clast population--which ranges from gra,nules to boulders 
Figure 10. Heterolithic, random-
fabric collapse 
breccia, Pan American 
1-State core, -7483 
to -7490 ft. 
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and is poorly sorted--includes at least six different 
lithologies, the most exotic of which is silicified ooid 
grainstone that is unlike anything else in the cored 
interval. The breccia has a largely unoriented, random or 
rubble fabric, although some large, fractured clasts 
exhibit a mosaic fabric internally. The matrix is dark 
brown, clayey dolomitic mudstone (see Figure 11). 
Two pieces of core recovered from the slush pit of the 
Cameron-Shepherd well in Jefferson County are collapse 
breccia, although the vertical extent of the brecciated 
zone is indeterminable due to the incomplete nature of the 
core. The breccia has a clast-supported, randomly oriented 
fabric of nearly rectangular pebbles of brownish gray 
dolomudstone (Figure 12). 
The Texaco-Mobil core comprises two different lithic 
intervals, -6300 ft to -6310 ft and -6519 ft to -6534 ft, 
in the West Spring Creek Formation. Both intervals contain 
conspicuous breccias. The stratigraphically higher core 
includes approximately 4 ft of heterolithic rubble breccia 
that may be a product of cavern collapse (Figure 13). 
Calcite cement-encrusted host rock immediately adjacent to 
this breccia may be part of the paleocave wall. The 
breccia, which is composed of dolomite, calcite cement, 
chert, and granule- to pebble-sized fragments of green 
shale, immediately overlies 2 ft of crackle-brecciated host 
rock (see Figure 7). The lower cored interval contains 
approximately 2 ft of heterolithic, rubbly collapse 
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Figure 11. Photomicrograph (PPL) of silicified ooid grain-
stone fragments within dolomudstone breccia 
matrix. Pan American 1-State core, -7485 ft. 
Figure 12. Collapse breccia from 
the Cameron 1-Shep-
herd core, interval 
-6278 to -6296. 
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Figure 13. Photomicrograph of heterolithic, 
rubbly collapse breccia in the 
Texaco 1-Mobil core, -6301 ft. 
Breccia constituents include 
two types of dolomite, calcite 
cement fragments, shale rock 
fragments and quartz sand. 
29 
breccia, the clast population of which is"dominated by of 
two types of dolomudstone (Figure 14). Microstalactitic 
sparry calcite cement is present within the intergranular 
pore space (see discussion below). 
30 
The Cox Wesley core from Healdton field contains a 
unique and,complex "zebroid" breccia, the clasts of which 
are cemented by subisopachous; coarse dolomite cement 
(Figure 15 and 16). Beales and Hardy (1980) attributed 
this type of brecciation to host-rock expansion due to 
displacive cementation after dissolution of intrastratal 
evaporites. Their premise that brecciation is due to 
expansion rather than collapse is based upon the observance 
of upwardly curved and vertically repetitive "zebroid" 
breccia structures. It is difficult to determine from core 
evidence if the "zebroid" breccia present i~ the Cox-Wes~ey 
core formed by expansion or collapse. The random and 
disoriented fabric of the lath-$haped and angular fragments 
of the breccia most-likely formed by collapse, with the 
clasts being dislodged and emplaced in accordance with the 
force of gravity, :r:ather than against it. 'No evidence of 
evaporites was noted in the brecciated interval. 
The Oliphant-Nate core from Osage County contains what 
appears to be a thin zone (10 inches) of rubbly collapse 
breccia that lies immediately subjacent to an intra-
formational disconformity (Figure 17). The brecciated 
interval consists partly of surface rubble accumulated upon 
a denuded paleoexposure surface, and partly of thin 
I 
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(a) (b) 
Figure 14. Rubbly, heterolithic collapse breccia from the 
Texaco 1-Mobil core, -6521 ft. (a) Core 
photo. (b) Photomicrograph (PPL) of the core 
inte rval showing two types of dolomite clast. 
Absence of pressure solution at grain con-
tacts suggests brecciation by collapse (zero 
compressive stress). 
(a) (b) 
Figure 15. Examples of "zebroid" brecciation in 
the Cox 1-Wesley core. (a) Breccia 
at -3937 ft. Laths of host rock 
appear to h ave calve d from the ove r-
lying roof into a cavity. 
(b) Breccia at -3954 ft, showing 
clasts of host rock (brown) cemented 
by subisopachous columnar dolomite 
(white). 
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Figure 16. Collapse breccia from the 
"zebroid" breccia facies 
in the Cox 1-Wesley core, 
-3949 ft. Randomly-
oriented clasts of host 
rock are cemented with 
subisopachous columnar 
dolomite. 
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OLIPHANT 
1-A NATE 
US· 24N· 7E SW SW SE 
Osage County 
-2860 to -2871 ft 
Figure 17. Core photo of rubble breccia at an intra-
Arbuckle disconformity. The brecciated 
interval most likey comprises a paleo-
exposure horizon. Oliphant 1-A Nate 
core, -2861 to -2863 ft. 
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mudstone beds that show the effects of rupture induced by 
compaction above in-place host rock. Small, open 
dissolution channel~ in the und~rlying host rock suggest 
that the structural integrity of the bed was compromised, 
perhaps by solution-enlarged fracturing at the exposure 
35 
surface, and that slight rotation and settling ("collapse") 
of the breccia took place after burial. 
Cavern-Fill Parabreccia 
The term "cavern-fill parabreccia" is proposed herein 
for poorly sorted, matrix-supported breccias that form by 
subterranean deposition within an open-cavern network (see 
Table II). In terms of rock fabric, the precedent for this 
terminology is the ,"paraconglomerate" of Pettijohn (1975) 
which, with the exception of clast shape, this lithotype 
closely resembles. The term is meant to be genetic in 
meaning; in this way it differs. from Norton's (1917) 
generic "pudding breccia, " and also the ~'pheno breccia" of 
Ijirigho and Schreiber (1986). These breccias are 
deposited by water flowing through open karst caverns. 
- ' 
Phenoclasts may calve from the roof·of the cavern in which 
they are finally deposit·ed, or ·may be transported from 
locations of.collapse elsewhere, or perhaps from areas of 
surface weathering (probably during periods of rapid 
discharge after storms). The fine matrix is composed of 
cave mud or infiltrated sediment. These breccias differ 
from true solution-collapse breccias in that they are 
TABLE II 
CRITERIA FOR DIFFERENTIATING CAVERN-FILL 
PARABRECCIA FROM SEDIMENTARY BRECCIA 
Criterion 
Nature of the 
contact between 
breccia and 
host 
Angularity 
of clasts 
Relative age 
or matrix and 
clasts 
Sedimentary 
Breccia 
Transitional below 
and above, or with 
an erosive base; 
Subangular to 
subrounded, due to 
more vigorous trans-
port 
Sedimentary breccia 
represent deposition 
after a hiatus; 
matrix and clasts 
should be equivalent 
in age 
Cavern-Fill 
Parabreccia 
Sharp, erosive or 
crackle-brecciated 
below and above 
Angular, experience 
little or no trans-
port 
Parabreccia may form 
at any time during 
the burial history 
of the rock; matrix 
may be of equivalent 
or younger age; may 
contain redeposited 
fauna derived from 
the host rock 
36 
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compr1sed mostly of matr1x that has f1lled 1n an 
uncollapsed cavern. Analogous brecc1as of th1s type have 
been observed by the author 1n recent karst 1n the Lake of 
the ozarks reg1on of M1ssour1. 
F1gure 18 shows two brecc1as of th1s type 1n the Cox-
Wesley core at -3939 and -3972 ft core depth. The 
parabrecc1as are s1m1lar; each 1s compr1sed of very angular 
phenoclasts of chert andjor l1ght blue-gray l1mestone 
supported 1n a dark brown matr1x of clayey, dolom1t1c 
mudstone. The parabrecc1a at -3939 ft (shown on the left 
1n F1gure 18} conta1ns consp1cuous l1mestone phenoclasts 
that are unl1ke any other l1thology 1n the cored 1nterval, 
suggest1ng substant1al 1nternal transport. Th1s brecc1a 
was depos1ted w1th1n an ev1scerated chert bed, from whence 
the chert phenoclasts 1n both th1s depos1t and the one at 
-3972 ft (shown on the r1ght 1n F1gure 18) appear to have 
been der1ved (chert phenoclasts 1n each parabrecc1a are 
fractured 1nternally, and the fractures are healed w1th 
dolom1te cement that term1nates at the gra1n per1phery). 
Moreover, no 1n-place chert 1s present 1n the host rock 
near the strat1graph1cally lower brecc1a. It 1s suggested 
that an open, perhaps locally cavernous, solut1on-tunnel 
network of at least 33 vert1cal feet (and 1ndeterm1nable 
l 
lateral extent) was present w1th1n th1s sequence of rocks. 
No remnants of th1s mega-pore network are currently open as 
effect1ve, channel poros1ty. 
Early, dolom1te-cemented fractures that are related to 
(a) (b) 
Figure 18. Cavern-fill parabreccia from the Cox 1-Wesley 
core. Parabreccia on the left (a) occurs 
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at -3939 ft ., and is comprised of grey 
dolomudstone phenoclasts and brown dolomud-
stone m.atrix that have been deposited 
within an eroded chert bed. The parabreccia 
on the right (b) occurs at -3972 feet in the 
core, and contains chert clasts that appear 
to have been derived from the chert b e d at 
-3939 ft . ( shown in the photo on the left). 
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cavern collapse transect the in-place chert bed, and the 
chert phenoclasts. A second set of later, tectonic, 
fractures ,transects the host ~9ck (both dolomudstone and 
chert), the parabreccia matrix, and the parabreccia clasts. 
Sedimentary BrecC'ias and congl0merates 
The terms "sedimentary conglomerate" and ''sedimentary 
breccia" are used to describe carbbnate rudstones having 
rounded or angular clasts, respectively, that are formed by 
surficial erosion of a carbonate terrain adjacent to, or 
possibly within, the environment of ·final deposition. 
These deposits are not strictiy karst, but do ev~nce 
considerable surficial erosion during Arbuckle time, and 
may therefore be correlative to paleokarst elsewhere within 
time-equivalent Arbuckle strata. This type of breccia is 
analogous to the "depositional'breccia" of Blount and Moore 
(1969). 
A thin sedimeptary conglomerate comprised of well 
rounded pebbles of dark gray mudstone within a light gray, 
detrital quartz sand-rich carbonate' mudston~ matrix is 
' -
present in the Oliphant-Lafortune core from Osage County. 
The noncontemporaneity of clasts and matrix is indicateq by 
the fact that some clast~ are fractured internally and none 
contain the quartz sand that is prevalent in the matrix. 
The pre-burial formation of this conglomerate is evidenced 
by the transection of both clasts and matrix by rather 
conspicuous stylolites (Figure 19). 
OLIPHANT 
I -LAFORTUNE 
8 -25N-6E SE NW NE 
Osage County 
Figure 19. Core photo of sed-
imentary cong-
lomerate in the 
Oliphant 1-Lafor-
tune core, -3349 
to -3350 ft. 
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The Getty-Cobb core from Cushing field contains a 
sedimentary breccia that contains angular clasts of dolo-
mudstone and silicified ooid grainstone, supported by a 
green shale matrix (Figure 20). The brecciated interval is 
delimited above and below by transitional contacts with 
regularly-bedded dolomudstones. 
Dissolution Features 
The most commonly distinguishable types of dissolution 
features observable in core are those which are limited to 
the millimeter or centimeter scale; small enough to be at 
least partially contained within the diameter of the core 
sample. Dissolution vugs, solution-enlarged fractures, and 
solution channels were observed in the study cores; most 
are occluded by infill sediment or cement. 
The type of porosity cre~ted in a karst teriain 
depends strongly upon the fabric and lithology of the host 
carbonate. Creation of "karstic" vugular porosity may be 
related to diffused flow of ground water (unsaturated with 
respect to calcium carbonate) through primary, 
intergranular matrix porosity, or, in low-permeability 
carbonates such as most Arbuckle facies, to restricted flow 
through high-permeability conduits such as fractures or 
along bedding planes. The latter will create enlarged 
vugular or solution-channel porosity (Choquette and Pray, 
1970). Extensively karstified terrains may develop cavern 
porosity, which Choquette and Pray (1970) define as the 
Figure 20. Core photo of 
sedimentary 
breccia in 
the Getty 
6-Cobb core, 
-2504 ft. 
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smallest opening that an adult human can enter, or if the 
rock is encountered in drilling,· as any opening large 
enough to cause.a noticeable drop of the drill bit. The 
assertion by Choquette .and Pray (1970) _that cavern porosity 
is too large to be contained or identified in cores is 
• 
seemingly substantiated by this study. 
Karstic Vugular and Channel Porosity 
'' Vugular porosity is defined by Choquette and Pray 
(1970) as non-fabric selective, relatively equidimensional 
pore space that is large enough to be visible with the 
naked eye. The term is meant to be descriptive rather than 
genetic, although dissolution of matrix carbonates is 
recognized as the dominant process involved in the 
establishment of this type of porosity. 
Vugular pores less than 2'mm in.diameter are common 
in the Arbuckle rocks of this study; some vugs may be up to 
a few centimeters across, b~t at such a size may be 
confused with small solution channels. 
Striking examples of solution-induced channel porosity 
and matrix vugular porosity were observed in the Oliphant-
Nate core from Osage County. The fine (<1 mm in diameter) 
vugular porosity is noticeably ~oncentra:ted in halos that 
extend a few centimeters from the eroded walls of the 
solution channels (Figure 21). Geopetal sediment, rhombic 
dolomite cement, and pyrobitumin (in order of emplacement) 
fill the vugular and channel pore space. 
Figure 21. (a) Solution channel porosity developed in 
dolomudstone, in the Oliphant 1-A Nate 
core, -2863 ft. Channels are lined 
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with coarse-crystalline dolomite cement, 
and partially filled with geopetal clay 
and pyrobitumin. (b) Schematic diagram 
of the core, showing the vugular porosity 
halo (stippled pattern) adjacent to the 
solution channels. 
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A detailed view (Figure 22) of a large vug in the Cox-
Wesley core from Healdton field shows clayey sediment 
geopetally infilling the open pore. The orientation of the 
infill sediment relative to the dipping beds of host rock 
suggests that the pore formed--or, was at least filled--
after Pennsylvanian tectonism (Latham, 1970). 
Channel porosity is developed locally in the Shell-
Wesley core from Carter County. A. horizontal solution 
channel 2.5 em (1 in.) tall that bisects the core at -3604 
ft. is shown in Figure 23. The channel has been occluded 
by a mixture of clayey dolomitic silt and rounded and 
angular clasts of host dolomite and dolomite cement. 
Preservation of karstic porosity appears fortuitous 
and uncommon, based on the rocks in this study. Solution-
channel porosity, vugular porosity, and breccia-
interparticle porosity commonly is occluded, partially or 
entirely, by infill sediment or cement. In some cases, the 
migration of hydrocarbons into partially cemented solution 
channels and vugs appears to have effectively arrested 
dolomite cementation, thereby preserving the open-pore 
network. Much of the effective porosity in these rocks 
seems to be related to modification of karstified and non-
karstified facies by burial diagenesis and tectonism. 
Cements 
Cement morphology in karst is largely a function of 
the amount of water present. In the unsaturated (vadose) 
Figure 22. Solution-vugular porosity 
and geopetal clay infill 
sediment. Clay infil-
trated the pore after 
folding occurred (present 
dip is indicated by the 
black bar on the photo) . 
Cox 1-Wesley core, 
-3906 ft. 
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Figure 23. Solution channel 
occluded by 
fragments of 
host rock and 
infill sediment. 
Shell lA-3 
Wesley core, 
-3604 ft. 
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zone, cements precipitate from water that gravitates toward 
the bottoms of grains or that is bound by capillary 
pressure at grain contacts--hence, these cements commonly 
form characteristic pendant (also termed microstalactitic, 
or dripstone} c:md meniscoid fabrics. "Phreatic" cements 
precipitate in solution-filled cavities and tend to form 
isopachous coatings on pore walls and grains. Speleothemic 
precipitates composed of laminat~d calcium carbonate are 
typically formed in caves that are close to the water 
table, in the lower vadose zone (Esteban and Klappa, 1983). 
The chemistry of karst cements is influenced-by host rock 
composition; limestone karst cements are typically low-
magnesian calcite, although karst develOped in dolomitic 
host rock may exhibit a wider range of mineralogy (Esteban 
and Klappa, 1983}. 
Primary speleothemip precipitates such as flowstone, 
stalactites and stalagmites were not observed in the study-
cores; either they were not precipitated or their presence 
was masked by later diagenetic events. Additionally, the 
tremendous improbability of ~ctually coring one of these 
features can not be discounted. 
A subisopachous, centimeter-thick rind of columnar 
calcite was observed on what may be part of a paleocave 
. 
wall in the Texaco-Mobil core (Figure 24}. The cement is 
comprised of normal-to-substrate columnar crystals that are 
similar to the speleothemic columnar calcite described by 
Kendall and Broughton (1978). Lacking, however, is the 
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(a) 
Figure 24. 
(b) 
(a) Core photo of laminated columnar calcite upon what 
may be a paleocave wall. (b) Photomicrograph (PPL) 
of columnar calcite crystals. Texaco 1-Mobil core, 
-6302 ft. 
"'" ~
50 
conspicuous growth-zonation imparted by inclusion of 
particulate matter and iron oxides along the outward-
growing surface of each crystallite. The calcite crystals 
observed in this study ~re clean; they show no signs of 
growth zonation. The interpretation of this cement as a 
low-temperature speleothemic precipitate is complicated 
further by stable isotope data. Three analyses of this 
cement were performed, and each gave "light" oX¥gen isotope 
values that are suggestive of high temperature formation 
(see Appendix B). Val~es, of·: s186 ranged-from -7.2 to -8.3 
per mil, while s13c value ranged from -6.6 to -8.3 per mil. 
It is possible that these results'were "contaminated" by 
the inclusion of another cement type (perhaps a high-
temperature dolomite) ·in the analyzed sample. Early 
formation of this cement i~·suggested though, by the fact 
that fragments of this c~ment type are present within the 
collapse breccia adjacent to the'presumed paleocave wall 
(see Figure 13). That it was precipitated before the onset 
of Pennsylvanian compressive tectonism is indicated by the 
numerous vertical stylolites tnat transect this cement and 
the adjacent breccia. 
Elsewhere in the Texaco-Mobil core, cathodoluminescent 
microscopy revealed vadose-type mic.rostalacti tic calcite 
spar cements between collapse breccia clasts (Figure 25a). 
These fine crystalline cements are masked by later blocky, 
phreatic calcite spar (Figure 25b). These cements are 
transected by Pennsylvanian(?) fractures that are healed 
(a) 
(b) 
Figure 25. Photomicrographs of microstalactitic 
vadose calcite spar. Spar crystals 
are more discernable under cathodo-
luminescence (a) than under PPL (b). 
Texaco 1-Mobil core, -6305 ft. 
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Figure 26. Cathodoluminescence photomicrograph of micro-
stalactitic calcite spar transected by 
fractures (dull red luminescence) . Texaco 
1-Mobil core, -6305 ft. 
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with dull-luminescent cement (Figure 26). 
The macro- and microscopically visible cements in all 
of the cores studied are principally isopachous saddle and 
rhombic dolomite. Although these cements are not a product 
of low-temperature karst cementation (see discussion 
below), certainly their isopachous morphology suggests 
precipitation under predominantly phreatic conditions. 
Infill'S~diment 
The phrase ''infill sediment" and its variations 
refers to sediments that are deposited anywhere within 
the karst profile, including breccia matrix and pore-
filling sediments. As will be demonstrated below, 
lithology, fauna and certain diagnostic grain types can be 
used to determine the age and qrigin--and, roughly, the 
timing of deposition--of infill sediments. 
Many of the mudstones and shales that commonly fill 
fracture and breccia porosity in the cores from southern 
and central Oklahoma are apparently of Arbuckle age. The 
lithologic similarity between host rock and infill sediment 
is supported by faunal evidence for penecontemporaneity. 
Breccia-matrix and host rock clasts from collapse breccias 
in the Pan American-State and Cox-Wesley cores were sampled 
for faunal age indicators; in each case, conodont elements 
of equivalent age were recovered from both lithologies (see 
Appendix D). Similar determinations were attempted for 
breccias in the other cores, but due perhaps to the 
extensive and destructive nature of dolomitization, no 
conodonts were retrieved from residue. 
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The Getty~Cobb core from Cushing field yielded copious 
Pennsylvanian conodonts from the Bartlesville Sandstone 
section that immediately overlies truncated and brecciated 
Arbuckle strata. However, no Pennsylvanian conodonts were 
retrieved from the brecciated Arbuckle section. Moreover, 
detrital feldspars, polycrystalline quartz, and metamorphic 
rock fragments that are nearly u~iquitous to the 
Bartlesville Sandstone (and many other Pennsylvanian 
sandstones were not observed in the infill sediment in the 
Getty-Cobb core, or in any other core of this study. The 
implications of these findings are discussed in the 
following chapter. 
Solution channels beneath the unconformable Arbuckle-
Simpson contact in the Oliphant-Lafortune core (Figure 27) 
contain micrite of indeterminate age (no faunal indicators 
present) and quartzarenite sandstone that may be derived 
from the overlying Simpson group (Figure 28). 
The collapse breccia in the Cameron-Shepherd core has 
three dissimilar sediments in the inter-clastine voids 
(Figure 29). Carbonate mudstone geopetally fills in the 
lower portions of the pores, and is overlain by tan, 
laminated dolosiltite. The youngest lithology present is 
dark brown, dolomitic, silty mudstone. This lithology was 
apparently deposited with enough vigor to erode small 
pieces of underlying dolosiltite. 
I 
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Figure 27. Solution-enlarged fractures filled with micrite 
that may be Arbuckle sediment. Oliphant 1-A 
Nate core, -2861 ft. PPL. 
SIMPSON 
ARBUCKLE 
DISSOLUTION CHANNELS 
FILLED WITH 
SANDSTONE 
Figure 28. Core photo of quartz-
arenite sand-filled 
dissolution channels 
in Arbuckle rock at 
the pre-Simpson un-
conformity. Infill 
sand may be Simpson 
sediment. Oliphant 
1-Lafortune core, 
-3336 ft. 
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Figure 29. Core photo and photomicrographs showing three 
generations of infill sediment in the Cameron 
1-Shepherd core. Ul 
-.J 
CHAPTER IV 
ARBUCKLE PALEOKARST MODEL 
Generic Karst Model 
Karst is an active diagenetic facies that forms by 
subaerial modification of an exposed carbonate terrain, and 
exhibits certain characteristic macro- and microscopic, 
dissolutional and chemically precipitated features (Esteban 
and Klappa, 1983; Choquette and. James, 1988). "Karst" is 
an extant diagenetic terrain; "paleokarst" is karst that 
has been buried, or otherwise removed from the sphere of 
active meteoric diagenesis (Choquette and James, 1988}. 
The process of karstification.is one of chemical 
diagenesis that involves the dissolution, remobilization, 
and precipitation of calcium carbonate. The ability of 
ground water to dissolve calcium carbon~te is determined by 
its pH, which is principally a function of the amount of 
dissolved carbon dioxide (C02 } in the water: 
+===~ 2HC03 - + Ca ++ 
H2o + C02 
The equation above shows that carbon dioxide combines with 
water to form weak carbonic acid. An increase in co2 
content will drive the equation to the right, leading to 
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the dissolution of calcium carbonate (Caco3 ). Calcite 
precipitation is induced by driving the equation to the 
left, by the degassing of carbon dioxide. 
The principle sources of carbon dioxide in ground 
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water are (1) atmospheric co2 , and '(2) soil gas-co2 . 
Organic-rich soils have the capacity for greatly increasing 
. . . 
ground water co2 content by oxidation of organic matter and 
microbial respiration (Lohmann, 1988). Hence, karst 
has better chances for developing in climates where thick, 
organic-rich soils are prone to develop. Choquette and 
James (1988) not'e that, while true soils have probably 
existed since the Carboniferous, their presence in prior 
geologic periods is questionable. Early Paleozoic soils 
probably were dominated by algae and lichens, and would not 
have contributed significant amounts of soil gas-co2 to the 
ground waters percolating through them. Thus, 
karstification of carbonate terrains probably proceeded at 
slower rates during the Cambrian to Devonian (Choquette and 
James, 1988). 
Degassing of co2 from grou~d water can be accomplished 
by evaporation (a process that may be of minor significance 
in the humid, subterranean karst environment) and by the 
establishment of equilibrium between the co2-enriched 
ground water and the cave atmosphere, which generally 
contains less co2 than the outside atmosphere (Youngsteadt, 
1980) . 
I I I II I 
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The Karst "Profile" 
Subaerial modification by meteoric waters results in a 
net loss of calcium carbonate f~om the system; hence, the 
volume of· porosity initially created'will exceed the amount 
of remobilized carbonate that is precipitated within the 
karsted terrain. Karst on outcrop is indicated by certain 
characteristic geomorphic, macroscopic, and microscopic 
features (Table III). The predominance of dissolutional 
features over ,precipitational·ones reflects· this process-
imbalance. 
Where carbonate rocks are exposed for sufficient 
lengths of time, under climatic, conditions conducive to 
chemical weathering (adequate rainfall, warm.c~imate), 
karst terrains may develop ·'an idealized "profile" that 
reflects the varying hydrogeoldgic conditions active within ' l ~ 
_, I 
the system (Figure 30).' The vadose ~zone is characterized 
by subvertical dissolution- 'features, with meniscoi,d and 
gravity-controlled dripstone-type cements. Subhorizontal 
dissolution, along bedding planes p~ a stat~c water table, . ' 
' 
,, ' 
' ' ' and isopachous·, ·pore-lining' and blocky, pore-filling cement 
morphologies are indicative Qf phreatic conditions. While 
the elements of a karst profile mqy.often be differentiated 
on outcrop (where the v~rtic~l ~nd ·lateral extent of eac~ 
facies may be assessed)., it proves to be exceedingly 
difficult--if not- impossible--to delineate karst facies in 
small-diameter subsurface cores. 
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TABLE III 
CHARACTERISTIC FEATURES OF KARST 
stratigraphic 
Karst landforms 
• Unconformities 
•Truncated shallowing-upward cycles 
Macroscopic 
surface karst 
Karren 
• Paleosoils 
•Caliche 
eNonsedimentary channels 
•Lichen structures 
•Boxwork structure 
•Mantling nonsedimentary 
breccias 
subsurface karst 
ecaves and dissolution 
channels 
•Stratiform breccias 
•collapse structures 
•Dissolution-enlarged 
fractures 
•sediment in nondeposi-
tional cavities 
•Breccias in irregular 
bodies 
•speleothems 
Microscopic 
eEluviated soil in small pores 
eEtched carbonate cements 
•Reddened and, micritized grains 
•Meniscus, pendant, and needle-fiber vadose cements 
eSubisopachous columnar-calcite phreatic cement 
•Extensive dissolution, or enlargement of fabric-
selective pores 
Modified after ~hoquette and James, 1988. 
• Features discernable in core. 
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Figure 30. 
UPPER 
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PrecipitatiOn 
,._- ~eleo~e.!!'s _________ _ 
DISSOlutiOn 
and 
Capillary fringe 
UPPER 
Lent 1cular zone 
lncreosmg hydrostatic pt"essure 
LOWER 
Idealized'karst profile (from 
Esteban and Klappa, 1983). 
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Stages of Karst Development 
The idealized "maturation" of a karsted terrain 
proceeds from an initial stage· (Figure 31) that is 
dominated by phreatic processes along a static water table, 
through a main stage (Figure 32) during which extensive 
vadose and phreatic dissolution excavates large volumes of 
carbonate, to a late stage (Figure 33) where the entire 
profile has collapsed and been extensively eroded. The 
type of erosion present in each stage of this progression 
is a function of the position of the karst facies relative 
to a regional or local water table. This model assumes 
that the carbonate terrain is being uplifted slowly, 
relative to base level. 
The topographic relief and geomorphol9gy of the mature 
karsted plain is a function of the original height above 
base level and the environmental conditions prevailing 
during karstification. · Choquette and James (1988) note 
that relief developed on karsted carbonate platforms that 
are adjacent to the sea may typically be no more than a few 
meters, whereas tectonically uplifted terrains may develop 
the classic tower karst, such as exists in Belize, China, 
and Mexico. Tower karst, they note, may take from 104 to 
107 years to form. 
Climate influences both the degree of dissolution and 
the type and amount of cementation. Karst developed in 
humid or tropical climate tends to exhibit well-developed 
dissolution networks (both vadose and phreatic) and 
Figure 31
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~ediment 
network .. 
of karst development. 
areas represent infill 
within the cavern 
No scale implied. 
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Figure 33. Late stage of karst development. 
Figure·not to scale. 
extensive vadose and phreatic cementation. Karst in arid 
climates typically is less well developed, with.much less 
cementation and dissolution. 
Arbuckle-Specific Paleokarst 'Model 
The idealized succession from youthful carbonate 
platform to senile, karsted plateau is impossible to 
document in Arbuckle rocks from the core data on hand. 
' 
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Moreover, the "diagnostic" karst features listed previously 
in Table V are much more equivocal when viewed in core, 
where their spatial relations·to the entire profile can not 
be determined. Such-is especially the case when one is 
dealing with short cores that penetrate only part of the 
karst facies. 
Elements of Arbuckle Paleokarst 
Although the breadth and depth of karst facies may be 
indeterminable in cores, elements of karst facies certainly 
can be described (see Chapter 3) and interpreted in such a 
way as to shed some light. ~:m the nature of the karst 
profile. 
As described in Chapter 3' the paleokarst facies in 
the Arbuckle cores of this study are typified by relatively 
thin zones (less than tens of feet) of collapse breccia, 
poorly developed dissolution features, and a noticeable 
scarcity of low-temperature speleothemic cements. 
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Genesis of Arbuckle Paleokarst 
The establishment of karst probably began.with the 
dissolution of massive Arbuckle carbonates along open 
ground-water conduits such as fractures and bedding planes. 
Solution-enlarged fractures would develop into channel 
' , porosity, and perhaps into cavern_porosity if sufficient 
water was present in the system. Although cavernous 
porosity was not directly observed in this study, its 
former presence can be inferred fr9m·extant·features such 
as collapse breccias and cavern-fill parabreccias. 
Certainly, the 20+ feet of heterolithic collapse breccia in 
the Pan American-State core necessitates a precursor cavity 
of similar vertical_ extent, i~to which roof rock could 
collapse. The intrastratal continuity of such features is 
perhaps unknowable, but for comparison it is interesting to 
note that Curtis (1959) cataloged present-day caves in the 
Arbuckle Group in Murray County that are as long as_ 14,050 
ft (see Table IV). Such caves typically have linear 
trends, which may indicate a joint-controlled origin. It 
has been suggested that karst' facies elements. such as 
collapse breccias may be as thick as 50 to 100 feet, and 
may be present hundreds of feet ben~ath a paleoexposure 
surface (Kerans, 1988). 
Solution-channel porosity networks may have existed on 
the order of a few vertical feet to tens of feet below a 
paleoexposure surface. The shallow, poorly developed 
solution-channels and vugular porosity that are present in 
TABLE IV 
ARBUCKLE CAVES IN MURRAY COU~TY, OKLAHOMA 
Cave 
Mystic 
Womac 
Bird's Eye 
Big Crystal 
Wild Woman 
Bitter Enders 
Wagon Wheel 
Outlaw 
Little Crystal 
Corkscrew 
White Woman 
Length ( ft . ) 
1,830 
150 
100 
87 
14,050, 
1,040 
98 
19 
100 
45 
80 
(Data from Curtis, 1959) 
Host Formation 
West Spring Creek 
Kindblade 
Kindblade 
Kindblade 
Cool Creek 
Cool Creek 
Cool Creek 
Cool Creek 
McKenzie Hill 
McKenzie Hill 
Royer 
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the Oliphant-Nate and Oliphant-Lafortune cores beneath the 
pre-Simpson unconformity are suggestive of shallow 
surficial erosion beneath a regional paleoexposure surface. 
This type of porosity may therefore have some lateral 
continuity. Conv~rsely, the cavern-fill parabreccias 
described in the Cox-Wesley core (see Chapter 3) suggest 
that channel porosity networks on the ·order of tens of 
vertical feet probably existed in these rocks. The 
formation of these channels ,bY subterranean dissolution 
portends an origin that may be related ·to restricted 
ground-water flow, and therefore may not create a laterally 
extensive porosity network. 
Timing of Arbuckle Paleokarst 
The timing of Arbuckle paLeokarstification is less 
' ' 
obvious than the features that result from it. Data 
presented in this investi~ation suggests that the 
establishment of Arbuckle paleokarst may be ~ue to multiple 
episodes of subaerial exposure and erosion during, and 
subsequent to, d~position of the A;-buckle Gr,oup. 
The dependence of karstification on time and climate 
is an important consideration in the' interpretation of 
karst styles, and ultimately, the timing of karstification.~ 
Karst facies elements described above typically are 
underdeveloped, suggestive of youthful karst, karst that 
developed under less than optimal conditions, or karst that 
was buried during the initial stages of'development. 
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Additionally, paleosols are not present in any of the cores 
studied, suggesting that either (1) they were not 
developed, for climatological and ecological reasons, or 
(2) if developed at all, they simply we~e not present in 
the cored interval. Disconformities in the Oliphant-
Lafortune core that are entirely lacking in soil suggest" 
that the first hypothesis is perhaps more,tenable. The 
size and geometry of dissolution features, and the lack of 
paleosols and the paucity of speleothemic ~ements suggests 
that Arbuckle paleokarst developed under semi-arid 
conditions, or perhaps developed in an unstable area 
undergoing fairly rapid subsidence that was occasionally 
with brief periods of epeirogenic warping, when 
karstification occurred. Such an inference is in keeping 
with the paleoenvironmental model proposed earlier for 
Arbuckle deposition. 
Earliest karstification occurred during Arbuckle time. 
Numerous intrastratal breccia zones and intraformational 
disconformities in each of the cores studied strongly 
suggest that karst developed during d~position of the 
Arbuckle Group. Such events are herein termed "intra-
Arbuckle" paleokarst. 
It is interesting, to note that the inter-formational, 
Kindblade-West Spring Creek unconformity shown in Figure 2 
is based on faunal data (Ross et al., 1982), but may be 
represented also lithologically by the karst features 
observed in the Cox-Wesley and Shell-Wesley cores. These 
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cores, which are comprised of rock from near the top of the 
Kindblade Formation, were recovered hundreds of feet 
beneath the Arbuckle-Joins contact (of uncertain 
conformity) in the Healdt9n field (see Table I). To. 
attempt to relate the karst features observed in these 
cores to pre-Simpson or pre-Pennsylvanian erosion seems 
unwarranted, considering the more proximal unco~formity at 
the Kindblade:...west Spring Creek contact. Moreover, 
insoluble-residue studies from the Cox-Wesley core offer 
compelling evidence for the assumption of intra~Arbuckle 
karstification. 
Samples of both clast and matrix lithologies from 
collapse and parabreccias in the Cox-Wesley core were 
processed for insoluble residues. Conodont elements that 
are common to the Kindblade and West Spring Creek sections 
(Ethington and Clark, 1971) <were recovered from the host 
rock and breccia matrix. This time-equivalent Arbuckle 
fauna, and the complete lack of younger (Simpson, 
Pennsylvanian, etc.) fauna suggest that karstification 
occurred·at the aforementioned inter-formational 
disconformity, or at some time during the deposition of the 
West Spring Creek Formation. The possibility that 
karstification could have occurred later, and that the 
similar conodont species contained in the host rock and 
matrix could simply be due to erosion of the host and 
redeposition of those elements within the infill sediment 
is discredited when one considers the utter lack of younger 
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fauna in the breccia matrix. Cursory residue studies of 
Arbuckle and Simpson strata on outcrop in the Arbuckle 
Mountain section indicate that the volume of conodont 
elements per sample in.the Simpson rocks is tremendously 
greater than that of Arbuckle rocks (Ritter, 1989; pers. 
comm.). Thus, while it is possible that a younger-than-
Arbuckle karst event could have occurred and redeposited 
Arbuckle conodonts within the infill sediment, it is highly 
unlikely that.the same infill sediment would not contain 
some of the younger fauna. 
Although residue-studies were attempted for each of 
the study cores~ only the Cox-Wesley, Pan American-State, 
and Getty-Cobb cores yielded identifiable conodont 
elements. Conodonts from the host rock and breccia matrix 
' ' lithologies in the Pan. American-State core are of upper 
Cool Creek-lower Kindblade age, again suggesting that 
karstification occurred during Arbuckle depostion. 
The Getty-Cobb core from the Cushing field offers a 
unique study of intra-Arbuckle paleokarst that has been 
modified by Pennsylvanian tectonism. In this core, 
karstified Arbuckle strata (of indeterminate age) are 
truncated and overlain in blatant unconformity by the 
Pennsylvanian Bartlesville sandstone. An unconformity 
subcrop map of the field (see Jordan, 1962) shows that this 
core is located near the crest of a truncated anticline, 
the flanks of which are made up of strata ranging from 
middle-Ordovician to Mississippian. Collapse and 
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sedimentary breccias from this core were sampled for 
conodonts; none were recovered from residues taken from 
within the Arbuckle section. However, numerous 
Pennsylvanian conodonts and detrital feldspars and rock 
fragments were recovered from the residual conglomerate at 
the top of the Arbuckle section, .at the pre-Pennsylvanian 
unconformity. The lack of Pennsylvanian andjor reworked 
Simpson and younger fauna and detritus within the karsted 
Arbuckle section suggests--but ~ertainly d6es not prove--
that the karstification occurred during Arbuckle time. The 
complete lack of biostratigraphic markers within the karst 
makes it impossible to date conclusively, but the 
hypothesis of Arbuckle age is considered valid for the 
reasons outlined above. 
Whereas core~ from southern and northern Oklahoma show 
evidence of intra-Arbuckle karstification, only the 
Oliphant cores from Osage County. show overt signs of later 
karstification. An argument for karstification at the pre-
Simpson unconformity can be made for these cores from Osage 
County that contain Simpson-derived sandstone in solution 
channels and vugs. The occurrence of Simpson sand in 
Arbuckle paleokarst caves in northeast Oklahoma has been 
noted by Gore (1952), and used to relate karstification to 
the pre-Simpson unconformity. Similar relationships were 
interpreted by Kerans (1988) for karstified Ellenburger 
Group carbonates in Texas. Note that the Oliphant cores 
also exhibit intraformational disconformities and 
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sedimentary breccias that are clearly of Arbuckle age. 
Data presented in this study suggests that paleo-
karstification of Arbuckle strata began during the Early 
Ordovician (Ibexian), and was modified when Arbuckle rocks 
were again exposed at inter~regional unconformities. 
Figure 34 (modified after Choquette and James,. 1988) 
is a cartoon that depicts the hypothetical hierarchy of 
unconformities that may be present in the Arbuckle Group in 
Oklahoma. "Depositional karst,·~ the least pronounced but 
perhaps most pervasive type, forms within.the environment 
of deposition as a normal part of the shallowing upward 
cycle. This type of karst is probably represented by 
intraformational conglomerates, hardgrounds, and planar 
truncation surface's. "Local karst" represents more 
pronounced erosion of the carbonate platform, probably as a 
result of local uplift or drop in sea level. Exposed 
highlands may shed sedimentary'breccias into the adjacent 
' : 
depocenter. The apparent disconformity between the 
Kindblade and West Spring Creek Formations may be a form of 
local karst. "Interregional karstification" would have 
occurred during prolonged exposure at interregional 
unconformities. Figure 34 shows the hypothetical effects 
of karstification at the pre-Simpson unconformity (see 
discussion below) on previously-karstified Arbuckle rock. 
Maps of the Arbuckle subcrop at inter-regional uncon-
forrnities may indicate the extent to which karstification 
could have occurred during a given period of exposure. 
North 
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KINDBLADE 
DEPOSITIONAL KARST 
Figure 34. Geophantasmagram of the hierarchy of unconformities 
present in the Arbuckle Group. Karst terminology 
is from Choquette and James, 1988. 
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The Unconformity Factor 
At various times, the limestones and dolomites of the 
Arbuckle Group been exposed to.surficial weathering. The 
probability of karst development during such events depends 
on the duration of exposure under the existent 
meteorological conditions. The areal extent and depth of 
regional erosion on these rocks can not be determined 
accurately but. must be inferred from regional and local 
structural and stratigraphic re,lationships. 
The regional extent of the.exposed Arbuckle Group at a 
given unconformity can be app~oximated by m~ppi~g the 
' ' distribution of Arbuc~le rocks .subcropping the unconformity 
surface. The paleogeologic reconstructions described below 
are composites drawn from the works of many authors {as 
indicated on each figure). No attempt was made in this 
study to map, correlate, or otherwise verify the previously 
published results. 'The comb~ned influences of scant well 
control and geologic inference may grossly and adversely 
affect the accuracy of these maps. However, these maps are 
,. 
meant to serve only as a general reference for the purpose 
of the immediate investigation. 
Ham and Wilson {1967) described in great detail the 
effects of 15 Paleozoic epeirogenic and orogenic eve~ts in 
the Mid-Continent region (Figure 35). Early and Late 
Ordovician, middle Devonian, and Pennsylvanian tectonism 
resulted in the local or regional exposure and erosion of 
the Arbuckle Group. Additionally, portions of the Arbuckle 
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Group were eroded during their depositional history. 
Intra-Arbuckle Unconformities 
The nature and regional continuity of intra- and 
inter-formational disconformities within the vast thickness 
of Arbuckle carbonates is difficult to assess accurately. 
Delineation of these unconformities is complicated by the 
relative paucity of faunal control and the tendency for 
carbonate terrains to be "swept clean" of characteristic 
basal conglomerates (Ham and Wilson, 1967). It has been 
suggested that each of the formations of the Arbuckle Group 
in northeastern Oklahoma is bounded above and below by an 
unconformity (Cram, 1930; Reeder, 1974}. The amount of 
rock removed at any of these unconformities is difficult to 
assess. Insoluble residues from each Arbuckle formation 
have been studied exhaustively (Decker and Merritt, 1928; 
McQueen, 1931; Ireland, 1936; Ireland, 1946; McCracken, 
1955; Harlton, 1964) iri northeast Oklahoma, Missouri and 
Kansas. Although certain inorganic residues may be 
diagnostic for a particular formation and are useful for 
' 
correlative purposes locally, most lack temporal 
significance and are of-limited use in unconformity 
analysis. 
Many sedimentologic indicators exist locally that 
suggest that Arbuckle rocks underwent erosion 
penecontemporaneous with deposition. 
Tapp (1978) interpreted a laterally extensive 
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bedded breccia within the Cool Creek Formation in the 
Arbuckle Mountain region as being of sedimentary origin, 
perhaps deposited as debris fall adjacent to a locally 
exposed tectonic highland. Such a model suggests that 
various localities within the regional environment might be 
locally exposed and subject to erosion. Tectonic highlands 
such as are implied by this model should be recognizable as 
marked and perhaps angular breaks in the usual lithologic 
succession. However, the common homogepeous and repetitive 
nature of Arbuckle lithologies makes such correlations 
difficult on outcrop and nearly impossible in the 
subsurface. Sedimentary breccias, intra-stratal 
disconformities and intra-Arbuckle paleokarst features 
documented in this study are considered evidence of 
exposure and erosion during Arbuckle time. 
Pre-Simpson Unconformity 
The Arbuckle Group a~d its equivalents throughout the 
Mid-Continent region were eroded extensively at the end of 
Ibexian time, during the most craton-wide epeirogenic event 
in the Paleozoic (Ham and Wilson, 1967). In Oklahoma, this 
unconformity is represented by the.unconformable super-
position of the Middle-Ordovician (Whiterockian) Simpson 
Group upon eroded Arbuckle'carbonates, at what is commonly 
referred to as the "pre-Simpson" unconformity. 
The magnitude of the unconformity varies along a line 
of cross section from the stable northern Oklahoma platform 
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to the Anadarko basin in southwestern Oklahoma. In north-
eastern Oklahoma, erosion removed almost all the Powell 
Formation, much of the Cotter Dolomite, and exposed the 
Jefferson City Formation locally in erosional inliers 
(Ireland, 1955) • 
The Arbuckle-Simpson contact becomes more problematic 
and perhaps more conformable in southcentral Oklahoma 
(Disney and Cronenwett, 1955; Derby, 1969; McHargue, 1981). 
Whereas the northerly reaches of the craton were being 
uplifted during post-Ibexian epeirogeny, syntectonic 
subsidence and sedimentation in the "southern Oklahoma 
geosyncline" proceeded from Ibexian to Whiterockian time 
more or less continuously. Latham (1970) described the 
Joins Formation in the Healdton Field of the Ardmore basin 
as being conformable upon the lithologically similar West 
Spring Creek Formation. Derby (1969) and McHargue {1981) 
are in agreement that microfaunal continuity across the 
West Spring Creek~Joins contact in the Arbuckle Mountain 
region suggests that no significant hiatus is present 
there; however, a marked disco~tin~ity occurs some ninety 
feet below the top of the West Spring Creek Formation. 
Paleokarstification of Arbuckle carbonates at the pre-
Simpson unconformity in northeastern Oklahoma, Missouri, 
and Kansas has been inferred from a variety of indicators. 
Abnormally thick sequences of Burgen or St. Peters 
Sandstones (Simpson Group) in Kansas and Missouri have been 
interpreted as filled sink holes (Merriam and Atkinson, 
1956; Walters, 1958) and solution channels (Unklesbay, 
1952) on the denuded post-Ibexian Arbuckle surface. 
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Analogous feature~ have been observed in outcropping Cotter 
' ' Dolomite in Missouri by Bretz {1950). In what must surely 
be the most imaginative and d~tailed reconstruction of pre-
Simpson paleogeology, Walters (1958) thoroughly described 
the occurrence of sinkholes, solution channels, cuesta 
' ' -
topography arid buried hills on the Arbuckle 
paleotopographic surface, in oil fields of the Central 
Kansas Uplift. In outcrops _in northeastern Oklahoma, _ 
solution cavities ~nd sinkholes as deep as 60 feet below 
the eroded top of the Cotter'Do.lomite were documented by 
Gore {1952). Irelanq (1955) suggested that as much as 400 
ft of Arbuckle carbonates may have 'been rem~ved by pre-
Simpson erosion in northeastern Oklahoma. 
' ' ' 
Figure 36 is a paleog.eol6gic map of the pre-Simpson 
unconformity' surface constructed as a composite ,from the 
works of Ireland (1955) an~ Reeder (1974). This map is 
limited to northeastern Oklahoma by the lack o.f published 
ihformatio~'for the rest of the,State. I~ ~ay be inferred 
from the preceding discussion that the·magnitud~ of"erosion 
at the pre-Simpson unconformity decreases in a southerly 
direction and that development of karstic porosity in the 
subcropping Arbuck·le carbonates ·diminishes in a like 
manner. 
Pre-Viola Unconformity 
Of the six craton-wide epeirogenic events noted by Ham 
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Figure 36. Subcrop map of the Arbuckle Group at the pre-simpson 
unconformity (after Ireland, 1955, and Reeder, 1974). 00 
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and Wilson (1967) between the Middle Ordovician (pre-
Simpson) and the Late Devonian (pre-Woodford), only the 
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Late Middle Ordovician pre-Viola (pre-Trentonian) event wa~ 
of magnitude great .. enough to expose the. Arbuckle Group. 
Maximal uplift and erosion occurred. in. the 'western half of 
the Oklahoma Panhandle, the so~theast corner of Colorado, 
and the southwest corner of Kansas where Viola Limestone 
(Trentonian) lies.unconformably upon the slightly dipping 
Arbuckle Group (Maher and Collins, 1949;' Ham and Wilson, 
1967) . Elsewhere throughout Oklahoma, Trentonian strata 
are disconformable upon the Blackriveran formations of the 
Simpson Group (Ham and Wilson, 1967). 
The above discussion would indicate that the pre-
Trentonian epeirogeny.probably'had negligible effect on 
establishment of Arbuckle paleokarst throughout most of 
Oklahoma. The reader is directed to the works of Maher and 
Collins ( 1949) and Ham and Wil~;;on ( 1967) for their 
paleogeologic reconstructions of pre-Trenton geology. 
Pre-Woodford Unconformity 
Prior to Late Devonian, the Mid-Continent area 
underwent a major episode of epeirogenic uplift and 
.. 
. 
erosion. The magnitude''of this: erosion is expressed at 
many localities by the unconformable, sometimes angular,. 
juxtaposition of upper Devonian to Mississippian strata 
upon Silurian and Ordovician rocks, at what is commonly 
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referred to as the pre-Woodford (pre-Senecan) unconformity 
(Ham and Wilson, 1967). 
Paleogeologic reconstruction of the beds below the 
pre-Woodford unconformity reveals a general arcuate pattern 
of younger-southward strata, "from Ordovician Arbuckle 
' carbonates in northeast Oklahoma to Siluro-Devonian Hunton 
Group rocks in, south an,d central Oklahm:na (see ,Tarr, Jordan 
and Rowland, 1965). Arbuckl~ carbonates subcrop,the 
unconformity in the Hunton Arch and the northern front of 
the Arbuckle Mountains (McClellan, 1930; Tarr, 1955) and in 
the Hollis Basin in Harmon County (McDaniel, 1959). The 
Powell, Cotter, and Jefferson City Formations of the 
Arbuckle Group are angularly truncated in Osage County 
{Jones, 1960). 
Erosion associated with the pre-Woodford epeirogeny 
was focused mainly on emerging positive structures such as 
anticlines along the Arbuckle-Criner-Wichita trend, the 
Hunton-Tishomingo trend'in southern Oklahoma and the ozark 
Dome-Barton Arch in Kansas and northeastern Oklahoma. 
Although numerous authors have rec;:ogni~e.d that, pre-
Woodford erosion affected truncation of the Arbuckle, 
discussion of the possibility qf karst developing at this 
surface has been lacking to date. Figure 37 is a partial 
map of the Arbuckle subcrop at 'the pre-Woodford 
unconformity; the subcrop trace in southcentral Oklahoma 
has been ommitted since it bears the complicating effects 
of Pennsylvanian tectonic modification. 
ARBUCKLE GROUP 
Figure 37. Subcrop map of the Arbuckle Group at the pre-Woodford 
unconformity in northeastern Oklahoma (after Tarr, 
Jordan and Rowland, 1965). The subcrop pattern in 
southern Oklahoma has been modified by Pennsylvanian 
tectonism (see next figure). 00 
0\ 
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Pre-Pennsylvanian unconformity 
The Pennsylvanian Period was a time of pronounced 
tectonic activity in the Mid-Continent region. As a 
result, Middle and Upper Pennsylvanian sedimentary rocks 
overlie with marked angular unconformity strata ranging 
from Lower Pennsylvanian to Cambrian age; locally 
Pennsylvanian rocks are unc.onformable upon Precambrian 
' ' 
basement. This often-cited "pre-Pennsylvanian 
unconformity" is not a discrete surface; it is the product 
of the combined effects of erosion. during as many as six 
episodes of Pennsylvanian tectonism (Ham and Wilson, 1967). 
Pre-Morrowan, pre-Atokan, Early Desmoinesian, Early 
Missourian, and Early and Late Virgilian tectonic events 
are recognizable (Ham and Wilson, 1967). Of these events, 
the Morrowan-Atokan "Wichita" orogeny, and the Early 
Desmoinesian orogeny contributed more significantly to 
structural deformation of south and central Oklahoma. 
Arbuckle carbonates were eroded extensively from the 
emerging Hunt.on Arch and Wichita-Criner trend during, 
Morrowan-Atokan tectonism (Ham and Wilson, 1967; Adler et 
al., 1971; Latham, 1970). Approxim~tely 2500 ft of the 
Arbuckle Group was eroded from the crest of the Healdton 
Anticline, on the Wichita-Criner trend, during this period 
of tectonism (Latham, 1970). No cores of this unconformity 
are presently available, and the presence or absence of 
Pennsylvanian paleokarst at this surface cannot be 
determined. 
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Pennsylvanian tectonism exposed Arbuckle carbonates 
locally in many fault-bounded structures along the Nemaha 
uplift in central Oklahoma. The,Oklahoma City f~eld, the 
Cushing field, and Garber field produce from. Arbuckle 
dolomites truncated at the pre-Pennsylvanian unconformity 
surface. Approximately 300 ft of the Arbuckle Group was 
removed from the Oklahoma City field by Pennsylvanian 
erosion (Gatewood, 1970). Although the amount of Arbuckle-
truncation documented in the Getty-Cobb core from Cushing 
field is unknown, conditions du+ing the Pennsylvanian do 
not appear to have been conducive to the formation of karst 
(see discussion above). It is possible that the the time 
duration between uplift and subs~dence was insufficient to 
allow for kartification. 
The Late Virgilian "Arbuckle" orogeny reactivated and 
reexposed Arbuckle strata in many older Pennsylvanian 
structures such as the Arbuckle Anticline (Ham and Wilson, 
1967). 
Unraveling the effects of each of, these closely· 
related tectonic events requires detailed 9orrelation of 
various Pennsylvanian formations and their relation to 
units subcropping the unconformity(s) on local structure. 
Howev~r, the purpose of this investigation is equally 
served by considering only the cumulative effects of these 
singular events. Hence, the paleogeology depicted in 
Figure 38 shows cumulative effects of Pennsylvanian 
tectonism on distribution of Arbuckle rocks at what is 
ARBUCKLE GROUP 
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Figure 38. Extent of the Arbuckle subcrop at the pre-Pennsylvanian 
unconformity (after Jordon, 1962). ()) 
w 
commonly referred to as the "pre-Pennsylvanian 
unconformity." 
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Orogenic folding and faulting dominated the structural 
style in southern Oklahoma during each of these 
Pennsylvanian events, while broad, epeirogenic uplift and 
erosion prevailed on the more stable platform. The 
duration of exposure would therefore differ according to 
the intensity of tectonism, and the likelihood that karst 
would develop on the platform is perhaps greater than that 
of its development on any of the emerging and unstable 
Pennsylvanian structures. Walters (1958) speculated that 
the entire Arbuckle :in Kansas served as a vast region 
aquifer during the Pennsylvanian, much as it does presently 
in the Tri-state region of Kansas, Missouri, and OKlahoma 
(Macfarlane and Hathaway, 1987). 
CHAPTER V 
DOLOMITIZATION IN THE ARBUCKLE GROUP 
The Arbuckle rocks of this study show the effects of 
multiple episodes of dolomitization; early, syndepositional 
or eogenetic dolomite types can be differentiated from 
later, epigenetic dolomites on the basis of crystal 
morphology and chemis~ry, and the relationship between the 
dolomite and the host~rock fabric. This discussion of 
dolomitization in the Arbuckle is included because: (1) 
dolomitization commonly obsc~res or obliterates sedimentary 
and karstic facies in the host rock, and (2) inter-
crystalline and vuggy porosity may be associated with 
certain dolomite types (convers~ly, late dolomite cement 
may occlude karstic porosity) .• : 
Dolomite in the Arbuckle cores was differentiated into 
eight types, on the basis of crystal haJ::?it and resultant 
rock fabric, relation to host rock, and mineralogy as 
determined from energy dispersive X-ray analysis, 
cathodoluminescence, and staining. Five types of dolomite 
are considered matrix replacive, or recrystallized host 
rock: (1) dolomicritejdolomicrospar, (2) hypidiotopic-
rhombic (sucrosic) dolomite, (3) clay-associated 
hypidiotopic-rhombic dolomite, (4) saddle-rhombic dolomite, 
91 
92 
(5) xenotopic dolomite. Cements that were precipitated in 
open pore space include (1) idiotopic-rhombic dolomite, (2) 
' ' saddle dolomite, and (3) columnar dolomite. Textural and 
mineralogical characteristics of each type of dolomite are 
discussed below and summarized in Table V. 
Matrix-Replacive Dolomite Types 
The host rock ·or matrix carbonate in'each of the 
cores studied is P.redominantly, if not entirely, composed 
of dolomite. The·episodic and pervasive na~ure of the 
dolomitization of these rocks made it difficult in some 
instances to determine-whether a' particular dolotype is 
syndepositional (early) or epigenetic. The mode of genesis 
of each dolomite type was inferred from the aformentioned 
textural and compositional criteria, and the relationship 
between the cement(s), rock fqbric and tectonic features. 
Dolomicrite/Dolomicrospar ·· 
The peritidal carbonate mudstones in these Arbuckle 
rocks are composed principally of very. finely crystalline 
dolomicrite andjor dolomicrospar. Crystals range from 0.01 
to 0.05 mm in diameter; most are anhedral. These matrix 
dolomites exhibit dull red luminescence and ~ dirty 
- ' ' 
appearance under plane-polarized light (see Figure 39). 
The fine crystal size and pervasive nature of this dolotype 
suggests a primary, syndepositional or eogeHetic origin. 
Petrographic evidence indicates that this type of dolomite 
TABLE V 
DOLOMITE TYPES AND CHARACTERISTICS 
Dolomite 
Type 
Mode of Crystal 
Occurrence Size (mm) 
Dolomicrite/ MR 0.01 - 0.05 
Dolomicrospar 
Sucrosic MR 0.1 - 0.3 
Clay-Assoc. Rhombic MR 0.05 - 0.2 
Saddle-Rhombic MR 0.4 - 1.0 
Xenotopic MR 0.1 - 0.5 
Idiotopic-Rhombic PF 0.5 - 5.0 
Saddle PF 0.5 - 5.0 
Columnar PF 0.5 - 4.0 
MR: Matrix-Replacive 
PF: Pore-Filling 
NA: Data Not Available 
Lumin-
escence 
Dull Red to 
Bright Red 
Dull Red 
Dull/Bright 
Red 
Dull Red, 
Zoned 
Dull Red 
Dull Red 
Zoned 
Dull Red 
Range and Mean () of Isotope Values, 
Compared Against PDB Standard 
13c o/oo lBo o/oo 
-1.7- -3.5(-2.6) -4.2- -9.9(-6.1) 
NA NA 
-1.5- -3.0(-2.1) -4.8- -8.9(-6.5) 
-2.7 -6.7 
-1.5- -3.6(-2.2) -4.2- -9.0(-7.1) 
-2.4- -3.1(-2.9) -8.2- -9.6(-9.0) 
-1.6- -2.8(-2.3) -4.8- -8.0(-6.5) 
NA NA 
\0 
w 
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Figure 39. Matrix-replacive dolomicrospar. PPL. 
Pan American 1-State core, -7485 ft. 
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formed prior to fracturing,. brecciation, and 
stylolitization. Dolomicritejdolomicrospar was observed in 
all of the study cores. 
Sucrosic Dolomite 
This type. of dolomite is characterized by a porous 
fabric of loosely interlocking hypidiotopic to idiotopic 
rhombohedral crystals. The highest intercrystalline 
porosity values (7 to 13%) of any of the matrix dolomite 
textures described in this study are in this types of rock. 
This friable dolomite is commonly referred to as "sucrosic" 
dolomite in the "subsurface" vernacular. Crystals range 
from 0.1 to 0.3 mm in .diameter, and commonly are comprised 
of a dirty, inclusion-rich core and a limpid outer rim. 
That this type of dolomite is slightly ferroan is indicated 
by its tendency to stain blue with potassium ferricyanide, 
and its EDAX signature. Iron may be responsible for the 
dull red appearance of this dolomite when observed under 
cathodoluminescence. Crystals of this dolomite are 
noticeably larger thai-1 those of.the simila~ly-shaped, .clay-
associated rhombic variety described below. 
Sucrosic dolomite is common in the fractured and 
brecciated host rock in the Getty~Cobb core, where it 
occurs in porous, massive mudstone facies and also within 
ooid grainstone facies (Figure 40}. It is suggested that, 
this type of dolomite is a product of eogenetic diagenesis. 
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(a) 
(b) 
Figure 40. Matrix-replacive sucrosic dolomite, in (a) mud-
stone facies, and (b) ooid packstone/grain-
stone facies. (a) PPL. (b) Crossed nicols 
(XN). Both from the Getty 6-Cobb core. 
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Clay-Associated Rhombic Dolomite 
Inclusions in this matrix-replacive dolomite suggest 
that it formed by replacement of, or crystallization 
within, a precursor lithology. This dolomite is limited in 
areal extent (on a millimeter or centimeter scale) to 
terrigenous- cl~stic clay seams in ,the carbonate host, or 
occurs as scattered rhombohedra within clay-rich infill 
sediment (Figure 41). Crystal size .is typically fine, 
ranging from 0.05 to 0.20 mm across. Some crystals are 
inclusion-free (clear throughout), some are inclusion-rich 
(dirty throughout) , and some show fine growth zonation due 
to the inclusion of impurities from the replaced host. 
Mineralogical variance was observed across inclusion-rich 
and inclusion-free zones, a~ this dolomite tends to have a 
dull red, or slightly zoned (dull red and bright red) 
appearance under cathodoluminescence. This type of 
dolomite was encountered in the C9x-Wesley and Shell-Wesley 
cores from Carter County, and the Pan American-State core 
from Cotton County., The fine crystal size of this dolomite 
made it impossible to sample individual rhombohedra 
discreetly for isotope analysis. 
Saddle-Rhombic Dolomite 
Saddle-rhombic dolomite was observed only in the 
Shell-Wesley core. It is characterized by medium to coarse 
(0.4 to 1.0 mm diameter) subhedral crystals that form a 
well-cemented, interlocking hypidiotopic fabric with 
(a) , 
(b) 
Figure 41 . Matrix- replaciv e c l ay-associated dolomite . 
(a) PPL. (b) Cathodoluminescence. 
98 
99 
interstitial silty clay. Crystals are generally 
rhombohedral, but have slightly curved crystal faces 
reminiscent of pore-filling saddle dolomite cement (Figure 
42). Radke and Mathis (1980) described this type of 
dolomite as a matrix-replacive form of saddle dolomite. 
Extinction is strongly undulose, typically with opposite 
corners going extinct at the same time. This type of 
dolomite is characteristically inclusion-rich or growth-
zoned, and exhibits faint cathodoluminescent zonation of 
dull red centers with brighter red or orange rims. 
Inclusions of clay and quartz silt were noted in many 
crystals, substantiating the hypothesis that it replaced 
the host rock. 
Xenotopic .Dolomite 
The term "xenotopic" was proposE?d by Friedman (1965) 
for diagenetically altered carbonat~ rocks that have a 
fabric comprised of predominantly anhedral crystals. 
Fine- to medium-crystalline xenotopic dolomites are 
present in the Texaco-Mobil, Cox-Wesley, and Shell-Wesley 
cores. Crystals range in size from 0.1 to 0.5 rom across, 
and are usually arranged in a tightly interlocking fabric 
with little or no intercrystalline porosity. "Ghosts" of 
spherical and elliptical grains (perhaps ooids) were 
observed within the individual or interlocking groups of 
anhedral crystals, attesting to its replacement origin· 
(Figure 43). Xenotopic dolomite also replaced mudstone or 
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(a) 
(b) 
Figure 42. Growth-zoned matrix-replacive saddle-rhombic 
dolomite . (a ) PPL . (b) Cathodoluminescence. 
Shell 1-Wesley core, -3603 ft. 
(a) 
(b) 
Figure 43. Matrix-replacive xenotopic dolomite 
in ooid(?) grainstone facies. 
(a) PPL. (b) Reflected light. 
Texaco 1-Mobil core, -6300 ft. 
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wackestone facies; in such cases anhedra tend to be smaller 
and dirtier than those present in grainstone facies (see 
Figure 44). 
Gregg and Sibley (1984) have suggested that xenotopic 
texture is due to dolomite precipitation from heated fluids 
at a "critical roughening .temperature" of >50°C. While 
such a model seems' applicable to the xenotopic dolomite 
observed in this study (see discussion below), some 
morphological peculiarities suggest that qolomite 
crystallinity may also be a function of the amount of space 
available for crystal growth. It was observed that 
anhedral crystals within replaced host rock have a tendency 
to form subhedral to euhedral terminations when they extend 
into open pore space. Additionally, some anhedra exhibit 
subtle internal rhombic growth zonation, suggesting that 
crystal growth began as euhedral. rhombs and that 
crystallinity diminished as the dolomite crystals grew 
together in competition for the available pore space. 
Internal zonation is more commonly observed in those 
xenotopic dolomites that replace grainstones (which may 
have high initial porosities) than in the·wackestonej 
mudstone-replacive variety. 
Pore-Filling Types of Dolomite 
Three different morphologies of pore-filling dolomite 
cement were observed in the study cores. These dolomites 
occupied several types of porosity, including vugular, 
Figure 44. Mudstone-replacive xenotopic dolomite in the 
Cox 1-Wesley core. Crystals are generally 
smaller and "dirtier" than the grainstone-
replacive variety shown in the previous 
figure. PPL. 
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channel and fracture porosity, and breccia-intergranular 
porosity. 
Idiotopic-Rhombic Dolomite 
Clear, equant rhombs of dolomite are present in the 
vugular pore space of the Oliphant-Nate, Cameron-Shepherd, 
and Pan American-State cores. Typically, they occur as 
vug-lining, though not isopachous, cements (see Figures 45 
and 46). Crystals are not interlocked to the extent 
observed in the saddle dolomites. Individual crystals 
range from 0.5 to 5 mm in diameter, have straight to 
slightly undulose extin~tion, and are typically non-
luminescent to dull red luminescent. 
Saddle Dolomite 
Spear-type saddle dolomite (Radke and Mathis, 1980) 
, , 
occurs typically in subisopachous crusts of pore-lining or 
grain-coating cement in the Cox-Wesley, Shell-Wesley and 
Texaco-Mobil cores from Carter county, and in the Ca~eron-
Shepherd core from Jefferson County. Hydiotopic crystals 
oriented normal to pore walls or grain boundaries comprise 
these cement crusts (Figure 47). Saddle dolomite crystals, 
which range in lenght from 0.5 to 5.0, mm, generally have 
pronounced undulose extinction. More than one generation 
of cement may be present in a given rock; separate species 
may be growth-zoned or clear or dirty throughout (Figure 
48). Under cathodoluminescence, this type of dolomite 
Figure 45. Pore-filling idiotopic-rhombic dolomite 
partially occluding vugular porosity in 
the Oliphant 1-Nate core (-2863 ft). 
Dolomite cementation probably ceased 
with the migration of oil (shown in 
black) into remaining pore space (shown 
in blue) . PPL. 
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Figure 46. Solution vug partially occluded by rhombic dolomite cement. Vug geometry is outlined by yellow luminescent cement. Oliphant 1-Nate core, -2861 ft. 
(a) 
(b) 
Figure 47. Pore-lining saddle dolomite cement 
from the Cameron 1-Shepherd core 
(a) and the Cox 1-Wesley core (b). 
Both PPL photomicrographs. 
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(a) 
(b) 
Figure 48 . Two generations of grain-coating saddle dolo-
mite cement in the Cameron 1-Shepherd core . 
(a) PPL. (b) Cathodoluminescence. Host rock 
is visible at the bottom of each photo. 
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exhibits subtle zonation comprised of dull red, bright red, 
yellow and non-luminescent laminae, attesting to the slight 
variance in chemical composition across each layer. 
Radke and Mathis (1980) postulate that saddle dolomite 
forms at temperatures greater than 80°C, and thus would 
imply a deep burial origin--or a hydrothermal origin at 
shallower depths--for this dolomite. It is interesting to 
note that the isotopic signature obtained for saddle 
dolomites in this study '(from rocks at -:-'3000 to -6000 ft) 
is nearly identical to that observed by Lee and Friedman 
(1987) in saddle dolomite from Ellenbur-ger carbonates at -
15,000 to -20,000 ft (~ee Table V). 
Columnar Dolomite 
Columnar dolomite is morphologi?ally similar to 'the 
saddle dolomite described above, except that the columnar 
variety has a greater length-to-width ratio than the saddle 
variety. Columnar dolomite also occurs as normal-to-
substrate isopachous crusts (Figu~e 49) •. Strong, ·sweeping 
undulose extinction characterizes this dolomite, which is 
predominantly inclusion-rich; or dirty throughout. This 
dolomite also exhibits the dull-red luminescence that 
characterizes the majority of the dolomites of this study. 
Columnar dolomite was encountered only in the "zebroid" 
breccia interval, in the Cox-Wesley core from Carter 
county. 
110 
(a) 
(b) 
Figure 49. Columnar dolomite in the Cox 1-Wesley core. 
Host rock visible in the lower left of 
photos. (a) PPL. (b) XN . 
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Dolomite Paragenesis 
Paragenesis of the various doiomi t.e types was inferred 
from their mutual cross-cutting relationships, and their 
occurrence relative to the sed,imentological an·d. structural 
fabric of the rock. A cursory investigation of,stable 13c 
and 18o isotopes. (see Table v, and Appendix B) suggests 
that many of the dolomite types formed at elevated 
temperatures, or were precipitated from heated solutions. 
Additionally, energy dispersive X-ray analysis indicates 
that all of the dolomite types are slightly ferroan. 
Matrix dolomicritejdolomicrospar probably was the 
first type of dolomite .to form, either within the 
depositional environment or by early replacement of lime 
mudstone. Sucrosic, hypidiotopic dolomite probably also 
formed early, perhaps by aggradational neomorphism of 
dolomicrospar or by eogenetic replacement of more porous 
grain-rich facies. Clay-associated hypidiotopic dolomite 
formed subsequent to increased depths of burial. 
Concentration of ~his dolotype along clay seams m~y reflect 
incipient stylolite formation. Increasing depth of burial 
brought Arbuckle rock into contact with heated subsurface 
brines, which precipitated the pore-filling dolomites, and 
the xenotopic dolomites. 
A general succession of temperature-dependent dolomite 
formation can be constructed: idiotopic-rhombic pore-
filling dolomite probably formed at temperatures <50°C, 
xenotopic dolomite at temperatures >50°C, and saddle and' 
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columnar pore-filling dolomite cements at >80°C. This 
model would seem to imply that a rough stratigraphy of 
temperature-dependent dolomite should be in evidence with 
increasing depth of burial, and consequently, increasing 
' 
formation temperature. The fact that supposedly high-
temperature saddle dolomite was observed at depths as 
shallow as 3000 ft sugge,sts that deep burial alone is not 
the controlling factor in the formation of these dolomite 
types. The morphological and chemical characteristics of 
these dolomite types can be explained by precipitation from 
ascending, heated brines. The common growth-zonation, 
variable luminescent zonation, xenotopic replacement 
fabrics, and supposedly high-temperature crystal textures 
observed in many of these dolomites supports this 
hypothesis. 
Figure 50 depicts the formation of the various 
dolomite types described in this study in schematic form, 
relative to the temperature parameters described above. 
The absolute timing,of the pervasive' saddle-type, 
dolomitization is difficult to assess. It is quite likely 
that fractures related to Pennsylvanian tectonism could 
have acted conduits for ascending, dolomitizing fluids in 
the cores from the structurally active areas of southern 
Oklahoma. Pennsylvanian dolomitization and associated 
sphalerite mineralization in the Butterly Dolomite in 
Murray County, Oklahoma was reported by Kranak (1978). 
It is suggested that the petrographic characteristics and 
HOST CARBONATE 
DOLOMICRITE 
OOLOMICROSPAR 
SUCROSIC 
;;;:: 50°C 
(Gregg and Sibley, 1984) 
Fme-Medium, IOCX'Ll~ 
Cloudy 
XENOTOPIC ~~.:tl 
RECRYSTALLIZA TlON 
;;;:: 80°C 
(Radke and ,Ma!h1s, 1980) 
HYDROTHERMAL ' 
FLUID MIGRATION 
CLAYEY LS. 
Coarse, Clean 
XENOTOPIC 
REPLACEMENT BY 
saUTJON 
SADDLE·RHOMBIC 
Figure 50. Diagram showing the probable paragenesis 
of dolomite types,in relation to type, 
of host rock present and temperature. 
Initiation temperatures, for xenotopic 
and saddle dolomite are from Gregg and 
Sibley· (1984) and Radke and Mathis 
(1980), respectively., 
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the structural relationships between this type of dolomite 
and the host carbonate can best be explained by the 
episodic ascension of dolomitizing fluids through an open 
network of karstic and/or tectonic (fracture} porosity. 
The nature of the various dolomite types described above, 
both eogenetic and mesogenetic, suggests that 
dolomitization was probably a long-ranging process that 
continued throughout the burial history of the rock. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Paleokarstification of Arbuckle Group rocks is 
evidenced in cores from Oklahoma by (1) breccia facies, 
that formed as a result of collapse, subterranean 
sedimentation, and surficial erosion, (2) vadose cements (infrequently) such as columnar calcite and 
microstalactitic calcite spar, and (3) dissolution 
structures, such as enlarged vugular and channel porosity, 
and solution-enlarged fractures. Arbuckle-age conodonts in 
breccia matrix (and the complete lack of younger fauna) 
suggest that much of the karstification may be of Arbuckle 
age. Cores from Osage County bear the overprint of 
pre-Simpson paleokarstification superimposed upon earlier, 
intra-Arbuckle paleokarst. No evidence was found that 
would indicate karstification occurred at either the pre-
Woodford or pre-Pennsylvanian unconformities. 
Diagenesis of rocks analyzed in this study is related 
primarily to dolomitization. Host-rock matrix-replacive 
dolomite types include eogenetic dolomicritejdolomicrospar 
and sucrosic dolomite, and epigenetic clay-associated 
rhombic dolomite and xenotopic dolomite. Late, pore-
filling dolomite types include idiotopic rhombic dolomite, 
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saddle dolomite and columnar dolomite. 
A complicated history of diagenesis in these rocks 
is indicated by the variety of dolomite types present. 
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Fine crystalline, matrix-replacive dolomites are suggestive 
of early diagenesis, whereas coarse-crystalline, xenotopic 
matrix-replacive varieties indicate burial diagenesis at 
temperatures greater than 50°C. Pore-filling saddle and 
columnar dolomites likely precipitated from ascending 
hydrothermal fluids t~at may have been associated with 
hydrocarbon migration. Breccia-intergranular porosity 
(where not previously occluded by infill sediment) and 
tectonic fractures provided the conduits necessary for 
fluid migration. Dolomite. cementation was apparently long-
ranging, but was arrested by migration of petroleum into 
pore space. 
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APPENDIX A 
CORE DESCRIPTIONS AND PHOTOS 
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CORE: OLIPHANT 1-A NATE 
LOCATION: SEC. 15 - T24N - R7E, OSAGE COUNTY, OKLAHOMA 
CORED INTERVAL: -2861 FT TO -2870 FT 
STRATIGRAPHIC INTERVAL: SIMPSON TO ARBUCKLE 
CORE DESCRIPTION: 
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The following description is given in reference to the 
core photograph that immediately fbllows th~s text, and to 
the petrolog of t~is core (Plate I, in pocket) .. 
-2870 ft to -2865 ft 
This interval of interbedded, tan dolomudstones, 
packstones of rounded algal debris, and minor stromatolitic' 
algal boundstone of middle to upper int~rtidal origin. 
Numerous subvertical and subhorizontal fractures transect 
these lithologies; some fractur~s are healed with ferroan 
dolomite or calcite cement, and some are open. Solution-
enlarged fenestral poros~ty in the stromatolitic lithology 
is filled with pyrobitumin and dolomite cement. A two inch-
thick zone of granu~e to pebble sedimentary breccia is 
present at -2869.5 ft. 
-2865 ft to -2861 ft 
This interval is comprised of cherty, dolomitic 
subtidal mudstones. Disconformity surfaces, dissolution 
channels and rubbly ,breccias evidence paleokarstification in 
these rocks. Channel porosity up to 0.75 inches in diameter 
has been partially or entirely occluded by infilling clay, 
subisopachous dolomite cement and pyrobitumin. 
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Arbuckle rocks are unconformably overlain by Simpson 
sandstone at -2861 ft. Solution-enlarged fractures below 
the unconformity may contain sand derived from the overlying 
simpson beds. 
OLIPHANT 
1-A NATE 15-24N-7E SW SW SE Osage County 
-2860 to -2871 ft 
OLIPHANT 
1-A NATE 15-24N-7E SW SW SE Osage County 
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CORE: OLIPHANT 1-LAFORTUNE 
LOCATION: SEC. 8 - T25N - R6E, OSAGE COUNTY, OKLAHOMA 
CORED INTERVAL: -3335 FT TO -3361,FT 
STRATIGRAPHIC INTERVAL: SIMPSON TO ARBUCKLE (COTTER?) 
CORE DESCRIPTION: 
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The following description is given in reference to the 
core photograph that immediately follows this text; and to 
the petrolog of this core (Plate II, in pocket). 
-3361.5 ft to -3350 ft 
This interval is comprised of dense, dolomitic 
mudstones and a thin silty green shale at -3355 ft. A 
barely recognizable clast-supported breccia of uncertain 
origin is present at -3359 to -3360 ft. A thin, quartz 
sand-rich dolomudstone bed at -3354.9 ft shows the effects 
of in-place brecciation, perhaps due to foundering 
instigated by compaction of the underlying shale. An 
erosional disconformity is present at -3352 ft; mudstones 
below the unconformity are crackle-brecciated, while the 
mudstones above,appear brecciated by collapse. The 
dolomudstones of this interval may be of subtidal origin. 
-3l50 ft to -3335.5 ft 
This interval comprises interbedded dolomitic 
mudstones, packstones, grainstones and algal laminites of 
probable intertidal origin. A sedimentary conglomerate 
containing pebbles of dolomudstone within a quartz sand-rich 
dolomicrite matrix occurs at -3349 to -3350 ft. Noncon-
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temporaneity between clasts and matrix is suggested by the 
fact that the clast lithology is entirely devoid of quartz 
sand. The conglomerate is overlain by 1.5 ft of algal 
boundstone that has faint stromatolitic structure. The 
uppermost 7.5 ft of this interval (-3347.5 to -3335 ft) 
contains interbedded dolomudstones and intraclast packstones 
that appear karstified; the rocks are randomly brecciated 
and are transected by dissolution channels that are filled 
with Arbuckle-derived bioclastic and:lithoclastic debris and 
simpson sand. Shaley sandtone of the Simpson Group 
(Burgen?) overlies truncated Arbuckle rock in planar 
unconformity at -3335.5 ft. 
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OLIPHANT 
I LAFORTUNE 
8-2~N-6E SE NW N 
Osage County 
CORE: GETTY 6-COBB 
LOCATION: SEC. 3 - T17N - R7E, CREEK COUNTY, OKLAHOMA 
CORED INTERVAL: -2466 FT TO -2517 FT 
STRATIGRAPHIC INTERVAL: ARBUCKLE (FORMATION UNKNOWN) 
CORE DESCRIPTION: 
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The following description is given in reference to the 
core photograph that immediately follows this text, and to 
the petrolog for this core (Plate III, in pocket). 
-2517 ft to -2487 ft 
This interval is mostly comprised of tan to dark brown, 
sucrosic dolomudstones that are probably of subtidal origin. 
Numerous breccias are pre~ent, including collapse breccia 
from -2510 to -2507 ft, -2503 ft to -2498 ft, and also -2490 
ft to -2487 ft. The breccia-internal sediment consists of 
well-rounded detrital quartz and feldspar and dolomudstone. 
Additionally, a sedimentary breccia is present at -2506.5 ft 
to -2504 ft. In this breccia, pebble- to cobble-sized 
clasts of dolomudstone and chert are surrounded by 
interlaminated green shale and. dolomudstone. 
-2481 ft to -2466 ft 
This interval is comprised of collapse breccia in 
brown, sucrosic intertidal dolomudstones, and ooid 
wackestonesjpackstones. Breccia clasts range from granule 
to boulder size, and considerable rotation of some clasts is 
evident. The sucrosic dolomite in the ooid wackestone/ 
packstone facies has well developed oomoldic and inter-
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crystalline porosity. Fine, well rounded quartz sand is 
present within the breccia-internal sediment; igneous and 
metamorphic rock fragments were not observed. 
-2466 ft to -2465(?) ft 
This thin zone comprises the residual conglomerate at 
the eroded top of the Arbuckle in this core. Pebbles of 
reworked Arbuckle rock are present within a shaly sandstone 
matrix in this conglomerate. Conodonts recovered from this 
conglomerate (see ~ppendix D) indicate that it is of 
Pennsylvanian age. 
The Arbuckle rocks in this.core are overlain by the 
shales and sandstones of the Bartlesville Formation (not 
pictured in the following photograph). 
GETTY 1116 CO,B 
3-171'f-7E 5£ Sit 
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CORE: CAMERON 1-SHEPHERD 
LOCATION: SEC. 20 - T3S - R4W, JEFFERSON COUNTY, OKLAHOMA 
CORED INTERVAL: -6278 FT TO -6296 FT 
STRATIGRAPHIC INTERVAL: ARBUCKLE (FORMATION UNCERTAIN) 
CORE DESCRIPTION: 
The following description is given in reference to 
Figure 12 on page 28 of the text, Figure 29 on page 57, and 
Plate IV, the petrolog for this core (in pocket). 
-6296 ft to -6296 ft 
The cored "interval" actually consists of a few rubbly 
pieces of collapse breccia; it may be that the fractured and 
brecciated nature of the rock prevented recovery during the 
coring operation. 
This monomictic collapse breccia consists of nearly 
rectangular pebbles of dolomudstone and three lithologies of 
infill sediment. Geopetal dolomudstone was the first 
lithology to be deposited, followed by a finely laminated 
dolosiltite. This lithology was partially lithified, then 
eroded and redeposited within a matrix of shaley dolomite. 
Isopachous crusts of saddle dolomite coat the breccia 
clasts. 
CORE: SHELL lA-3 WESLEY UNIT 
LOCATION: SEC. 3 - T4S - R3W, CARTER COUNTY, OKLAHOMA 
CORED INTERVAL: -3584 FT TO 3633 FT 
STRATIGRAPHIC INTERVAL: ARBUCKLE (KINDBLADE) 
CORE DESCRIPTION: 
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The following description is given in reference to the 
core photographs that immediately follow this text, and to 
the petrolog for this core (Plate V, in pocket). 
-3633 ft to -3603.3 ft 
This interval is comprised predominantly of very finely 
laminated, sometimes hummocky or nodular dolomudstones that 
may be of subtidal origin. A thin breccia (possibly 
parabreccia or collapse breccia) is present at -3625 ft, and 
is conspicuous due to the thick rind of saddle dolomite 
cement present on the breccia clasts. Vugular porosity 
developed in medium to coarse crystalline dolomite is 
present from -3624 ft to -3620 ft. The primary depositional 
fabric of this zone has been obliterated by dolomitization. 
The rocks of this interval are extensively (tectonically) 
fractured. Thick stylolites in these rocks attest to 
considerable pressure solution. 
-3603.3 ft to -3595 ft 
The rocks in this interval have been extensively 
dolomitized; medium to coarse crystalline xenotopic and 
saddle-rhombic varieties of dolomite are commonly present. 
Depositional fabric is obscure, but faint wavy laminations 
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reminiscent of algal boundstone are present and suggest an 
upper-intertidal to lower-supratidal origin. Solution-
enlarged fenestral(?) vugular porosity is present in this 
lithology. A small, sediment-filled solution channel is 
present at -3604.5 ft. 
-3595 ft to -3584 ft 
This interval is comprised mostly of dense and wavey 
laminated, tan and grey, clayey dolomudstones. Such 
lithologies are suggestive of subtidal deposition. The 
dolomite in this interval is typically microcrystalline or 
fine crystalline. These rocks are cut by numerous 
perpendicular and oblique-to-bedding (tectonic) fractures. 
A small fault(?) or fracture with considerable vertical 
offset is present at -3590 to -3591 ft. Swarms of variable 
relief, sinuous and serate stylolites are accentuated by the 
abundance of terrigenous clays in these rocks. 
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CORE: COX 1-WESLEY UNIT A 
LOCATION: SEC. 3 - T4S - R3W, CARTER COUNTY, OKLAHOMA 
CORED INTERVAL: -3806 FT TO -3983 FT 
STRATIGRAPHIC INTERVAL: WEST SPRING CREEK-KINDBLADE 
CORE DESCRIPTION: 
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The following description is given in reference to the 
core photographs that immediately follow this text, and to 
the petrolog for this core (Plate VI, in pocket). 
-3983 ft to -3960 ft 
This interval is comprised of tan and grey, fine 
laminated and massive dolomudstones. Collapse breccias are 
common, notably occurring at -3979 to -3974 ft, and at -3967 
to -3964 ft. These breccia commonly have light tan, 
dolomudstone filling the breccia-intergranular porosity. A 
cavern-fill parabreccia is present at -3972 to -3971 ft. 
The clasts in this breccia are fractured chert, the next 
closest occurrence of which is at -3939 ft in the core. 
Solution-enlarged fractures and vugs occur_frequently in 
these rocks~ All breccias and paleokarstic dissolution 
features are transected by tectonic fractures. 
-3960 ft to -3937 ft 
This interval is almost entirely made up of "zebroid" 
collapse breccia--a notable exception is the cavern-fill 
parabreccia at -3939 ft. The ''zebroid" breccia facies 
exhibits both random and crackle breccia fabrics, and is 
almost entirely cemented by coarse columnar and saddle 
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dolomite. Host rock in this breccia is fine to medium 
crystalline dolomicritejdolomicrospar and clay-associated 
rhombic dolomite. Fractures in the,crackle-brecciated 
horizons are predominantly parrallel-to-bedding and cemented 
by dolomite; open tectonic fractures cut all lithologies and 
paleokarstic features. Extensive dolomitization has 
obliterated sedimentary structures; the depositional 
environment of these rocks is therefore uncertain. 
-3937 ft to -3890 ft 
Tan and grey, massive, fine, crystalline dolomudstones 
dominate this interval; locally (as at -3909 ft) faint algal 
laminations may be present. This interval contains a 
sequence of intensely fractured, dolomite cemented rocks 
that resemble the "zebroid" breccia of the previous 
interval. However, these rocks appear to have suffered only 
minor movement along fractures, whereas the previously 
described breccia showed more obvious signs of collapse. 
-3890 ft to -3870 ft 
This intertal is notable in that it marks the only 
occurrence of limestone in this core. Slightly 
fossiliferous, hummocky-bedded, clayey blue-grey subtidal 
mudstones occur from -3884 to -3876 ft; the rocks above and 
below the limestone beds are either dolomitic limestone or 
limey dolomite (the latter occurs more frequently away from 
the limestone beds in either d1rection). Unlike the 
dolomitic rocks above and b~low, this interval is very 
143 
infrequently cut by open tectonic fractures. Also, 
fractures in the dolomitic rocks tend to be short, open and 
randomly oriented (the rock typically_looks shattered), 
whereas the fractures present in the limestone beds are 
quite continuous, more singular in occurrence, and tend to 
be cemented by ferroan calcite. 
-3870 ft to -3838 ft 
This interval is is comprised mostly of tan and grey 
dolomudstones that exhibit very 'regular horizontal 
lamination. An exception to this regularity occurs in a 
vugular porous zone from -3842 to -3831 ft, below what may 
be an erosional intra-Arbuckle disconformity at -3831 ft. 
Vugs up to 1.5 em in diameter are present in this zone. 
Early, parallel- and perpendicular-to-bedding fractures 
' (crackle breccia) are cemented with coarse saddle dolomite 
cement. Tectonic fractures are not~ceable, though they are 
not as prevalent here as in some dolomitic zones below. 
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1 4 5  
1 4 6  
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CORE: TEXACO 1-MOBIL 
LOCATION: SEC.1 - T5S - R1W, CARTER COUNTY, OKLAHOMA 
CORED INTERVAL: -6300 FT TO -6310 FT CORE 1 
-6519 FT TO -6535 FT CORE 2 
STRATIGRAPHIC INTERVAL: WEST SPRING CREEK 
CORE DESCRIPTION: 
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The following description is given in reference to the 
core photographs that immediately follow this text, and to 
the petrolog of this core {Plate VII, in pocket). 
Core 1 
-6310 ft to -6305.7 ft 
This interval is comprised of fractured and crackle-
brecciated blue-grey subtidal dolomudstones which may 
represent the host-rock floor of a paleocavern. The host 
rock has slightly mottled to massive bedding which dips 
approximately 27 degrees from horizontal. 
-6305.7 ft to -6300 ft 
This interval contains a heterolithic collapse breccia 
adjacent to what may be the in-place host rock wall of a 
paleocavern. The host lithology is the same as that 
described above. The breccia contains at least two types of 
do1omudstone: one is fine crystalline and resembles the host 
rock, while another is coarser crystalline xenotopic 
dolomite that does not occur in the host rock. Also present 
in the breccia are clasts of calcite cement, shale rock 
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fragments, and well rounded quartz sand. A laminar crust of 
columnar calcite coats the host-rock "wall," separating it 
from the juxtaposed breccia. 
Core 2 
-6534 ft to -6526 ft 
This interval is comprised of tan and blue-grey quartz-
sand-rich subtidal dolomudstones. Perpendicular-to-bedding 
fractures--the only effective type of porosity present--are 
saturated with dead oil. 
-6526 ft to -6519 ft 
This interval contains approximately 1.5 ft of rubbly 
collapse breccia (from -6522.3 to -6520.8 ft) bounded above 
and below by crackle breccia. The host lithology is tan, 
massive dolomicrospar. Where preserved, breccia-
intergranular porosity is filled with dead oil. Vadose 
pendant calcite cements are present on the bottoms of some 
breccia clasts. Vugular porosity is present at -6519 to 
-6520 ft, and seems to.be concentrated along bedding planes. 
I I I I 
TEXACO 1 -MOBIL 
1-5S- 1W NE SE 
Carter County 
Core 1: -6300 to -6310 
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CORE: PAN AMERICAN 1-STATE C 
LOCATION: SEC. 36 - T2S - R10W, COTTON COUNTY, OKLAHOMA 
CORED INTERVAL: -7475 FT TO -7500 FT 
' STRATIGRAPHIC INTERVAL: ARBUCKLE (KINDBLADE) 
CORE DESCRIPTION: 
The following description is given in reference to the 
core photographs immediately following this text, and to the 
petrolog of this core (Plate VIII, in pocket). 
-7500 ft to -7475 ft 
This core comprises 25 ft of heterolithic collapse 
breccia. At least seyen different lithologies (of host rock 
clasts and matrix) are present. 
' 
From -7500 to 7499 ft the host lit6ology is a 
darkbrown, massive dolomudstone. This lithology is 
extensively fractured and brecciated. Light brown and tan, 
fine laminated, cherty dolomudstones dominate the host rock 
from -7499 to -7491 ft. These beds dip slightly (20-25 
degrees from horizontal) and exhibit mosaic and random . 
breccia fabric internally. 
The dominant host lithology from 7490 to -7485.5 ft is 
brown, hummocky bedded, clayey dolomudstone. This lithology 
is more steeply dipping than the beds below (approximately 
33 degrees) and occurs as cobble to boulder size breccia 
clasts. 
Blue-grey, fine bedded (or thick laminated) 
dolomudstones characterize the host rock from -7487 to -7484 
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ft. This lithology occurs as boulders in a breccia that 
also contains pebble- to cobble-sized clasts of chert, brown dolomudstone, and silicified ooid grainstone. 
The breccia clast population from -7484 to 7475 ft is dominated by cobble- to boulder-sized clasts of dark brown, hummocky, burrow-mottled dolomudstone. Pebbles of chert, 
silicified ooid grainstone, and other dolomite types are 
present in lesser amounts. The breccia-matrix lithology 
throughout the core is a dark brown, clayey dolomicrite. 
Petrographic examination of the matrix revealed the presence 
of dolomicrite, dolomicrospar and clay-associated rhombic dolomite types. With the notable exception of the 
intertidal ooid grainstone, the host-rock lithologies 
present in this core are most likely of subtidal origin. 
PAN AMERICAN 
1 STATE OF OKLA."C" 
36·2S· lOW NW NE 
Cotton County 
·7475 to ·7500 ft 
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APPENDIX B 
ISOTOPE DATA 
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APPENDIX C 
X-RAY DIFFRACTION DATA 
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Sample 
TM6521 
TM6300 
TM6300.2 
PA7486M 
PA7482.9 
PA7493.5 
EC3911 
EC3818 
EC3838 
EC3939 
EC3954 
EC3972m 
EC3970m 
CS2 
STW3629 
STW3625 
STW35'88 
OL3344 
OL3347 
OL3355 
ON2863 
ON2869 
GC2469 
GC2495 
GC2504 
TABLE VI 
SEMIQUANTITATIVE ANALYSIS OF X-RAY 
DIFFRACTION DATA FROM SELECTED SAMPLES, 
Id Ic Iq ID IC IQ' :SUH % D 
130 9 ,7 91 9 3 103 88 
135 9 0 94 9 0 103 91 
0 109 6 0 109 3 112 0 
142 0 27 142 0 18 160 87 
154 0 3 154 0 2 156 99 
94 0 11 ' 94 0 8 fo2 92 
117 0 0 117, 0 0 117 100 
42 3 10 ' 29 3 5 37 79 
131 0 0 131 0 0 131 100 
107 0 45 107 0 31 138 77 
·115 ' 0 0 115 0 0 115 100 
128 0 14 '12!3 0 ', 10 138 92 
100 2 11 70 2 5, 77 90 
140 2 3 98 2 2 102 96 
115 0 15 115 0 10 125 92 
129 0 0 129 0 0 129 100 
155 0 3 155 ·0 2 157 99 
156 0 12 156 0' 8 164 95 
126 0 0 126 0 0 126 100 
46 3 67 32 3 33 68 47 
132 2 3 92 2 2 96 96 
127 0 2 '127 0 1 128 99 
134 27 9 94 27 4 125 75 
131 0 8 l3l 0 6 137 96 
56 0 35 56 0 24 so 70 
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% c % Q 
9 3 
9 0 
97 3 
0 13 
0 1 
0 8 
0 0 
8 13 
0' 0 
0 23 
0 0 
0 8 
3 7 
2 2 
0 8 
0 o: 
o· 1 
0 ·5 
0 0 
4 49 
2 2 
0 1 
22 3 
0 4 
0 30 
APPENDIX D 
CONODONT DETERMINATIONS 
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TABLE' VII 
CONODONT DETERMINATIONS FROM 
INSOLUBLE RESIDUE STUDIES 
Core and 
Depth of 
Sample (ft. ) 
Conodonts 
Identified 
Cox-Wesley 
-3881 
-3895 
-3972 
Glyptoconus quadruplicatus 
Acodus sp. 
Drepanodus (?) gracilis 
Glyptoconus quadruplicatus 
Drepanodus sp. 
Drepanodus subarcuatus 
Scandodus (?) furnishi 
Acodus sp. 
Pan American-State 
Range 
upr.cc - lwr.KB 
wsc (?) 
(long ranging) 
upr.CC - lwr.KB 
N.A. 
upr. 2/3 KB 
wsc (?) 
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-7477 Eucharodus parallelus upr.CC through KB 
-7483 
Getty-Cobb 
-2463 
Glyptoconus quadruplicatus 
Eucharodus parallelus , 
Idiognathodus 
Hindeodus 
WSC West Spring Creek Formation 
cc Cool Creek Formation 
KB Kindblade Formation 
upr.cc - lwr.KB 
upr.CC - lwr.KB 
Pennsylvanian 
Pennsylvanian 
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